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Previous  to  florid  War  II  the  largest  plane  that  was  built  was  about  as 
hoary  as  an  ordinary  ear.  Design  procedures  for  runways  for  auch  planes 
paralleled  those  for  the  design  of  highways.  With  the  approach  of  the  war  the 
planes  started  to  grew  in  size  rapidly  until  today  some  of  the  large  bombers  in 
uao  weigh  as  auch  as  75  tons,  giving  a  75,000  pound  wheel  lead.  Plans  are  now 
on  paper  for  sene  transport  planes  with  wheel  leads  of  110,000  pounds  or  more. 

The  Department  of  Transport  (Canadian  Government)  in  the  construction  of 
a  runway  have  not  had  in  their  specifications  that  the  thickness  of  base  should 
bo  designed  for  but  have  followed  the  following  general  '-roce^ure; 

The  area  was  first  cleared. 

The  area  to  be  covered  by  the  finished  runway  was  stripped  of  all  loan 
and  deletarleus  material. 

The  subgrade  surface  was  brought  to  grade  by  eut  where  necessary  and  fill 
with  suitable  clay  where  necessary. 

Preparation  of  the  subgrade  usually  consisted  of  scarifying  to  a  depth  of 
6  to  ID  lnohos  followod  by  compaction.  In  some  oases  pit  run  gravel 
was  ploughed  into  the  top  4  to  8  inches  of  the  subgrade  and  then 

compacted. 

The  base  course  generally  consisted  of  4  to  9  inches  of  compacted  gravel 
base  or  plant  mixed  stabilised  base. 

A  Bituminous  hot  mix  pavement  of  2  to  4  inches  covered  with  a  seal  coat 

of  sand  and  asphalt  generally  formed  the  runway  surface.  In  some  oases 
a  blotter  surface  was  laid. 

With  the  great  increase  in  wheel  load  for  the  planes  the  old  design  pro¬ 
cedures  rapidly  became  obsolete  and  it  became  necessary  to  follow  other  design 
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The  problem  was  tackled  by  many  different  men  and  departments  with 
varying  result#.  A  comparison  of  the  results  obtained  by  applying  5  different 
published  formulae  is  published  in  the  Journals  of  Asphalt  Technology  (fiarch- 
June  1943  and  Septeober-Gctober  1943)  by  Dr.  H.W.  McLeod.  In  this  comparison 
there  is  a  large  discrepancy  between  the  results.  Dr.  McLeod  Is  of  the  opinion 
that  the  Gray  and  Goldbeck  formulae  and  the  California  .method  are  too  conservative 
while  the  Houael  method  leads  to  under  design. 

The  United  States  Engineering  Department  (U.S.E.D. )  whe  have  constructed 
numerous  airport  rumrayr  throughout  the  war  have  used  he  California  method  of  design. 

The  Department  of  Transport  have  been  unwilling  to  accept  the  prevailing 
methods  of  design  of  airport  runways.  As  it  is  essential  that  with  the  heavy 
wheel  leads  that  come  sclent if lo  method  of  design  be  used,  a  research  program 
was  undertaken  on  a  number  of  the  airports  in  Canada  during  the  summer  of  1945* 

The  res  tilts  from  this  program  will  be  used  in  this  paper. 

In  the  early  days  of  runway  construction  it  was  tha  opinion  of  the 
authorities  that  the  runways  had  to  take  the  heaviest  leadings  and  that  the  taxi 
strips  and  warm  up  areas  were  net  aubjeoted  to  nearly  so  heavy  loads.  In  later 
years  it  has  boon  found  that  the  opposite  is  the  ease  and  that  the  warn  up  areas 
are  subjected  to  the  heaviest  loads.  The  warn  up  areas  are  damaged  considerably 
by  the  oil  and  gasoline  leaking  from  the  engines  of  the  planes.  This  oil  and  gas 
disolves  the  asphalt  in  the  surface  and  thus  gives  an  entrance  to  the  base  for 
moisture  and  a  starting  point  for  complete  failure.  Consequently  for  design 
many  authorities  have  recomrwnded  increasing  the  wheel  load  designed  for  by 
sone  factor.  Twenty-five  percent  has  been  recommended  by  the  tl.S.E.D.  Concrete 
for  these  areas  has  also  been  recommended. 
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Gn  a n  airport  runway  complete  failure  seldom  occurs.  It  may,  however, 
occur  on  the  warm  up  strips  and  parking  areas.  When  one  speaks  of  failure  of 
a  runway  he  Is  referring  to  settlement  of  different  portions  of  the  runway,  by 
excess  loading  or  repetitive  loading,  making  the  runway  unusable  or  so  it  cannot 
be  comfortably  used  for  landing  and  take  off.  Differential  settlement  of  a 
runsay  will  cause  failure  of  the  surface  which  leads  to  complete  failure,  fhe 
Asphalt  people  state  that  0.5  inches  of  settlement  produces  failure  of  the 
surface.  This  figure  will  be  used  in  the  following  portions  of  the  paper  to 
determine  the  bearing  capacity  of  the  base  course,  and  base  course  plus  surface. 

The  aim  of  this  paper  is  to  correlate  the  data  from  certain  laboratory 
sell  tests  with  that  obtained  from  field  loading  tests  In  order  that  one  can 
establish  the  strength  of  a  subgrade  from  a  laboratory  teat.  The  results 
obtained  from  this  will  then  be  applied  to  obtain  design  curves  for  base  course 
plus  surface  thleknessee  of  runways  for  different  wheel  loadings. 
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TESTS  OF?  niT  SOIL 

I,  Fit  Id  Teats  '<  Samollnr 

Some  of  the  tests  ran  In  the  field  were  for  the  purpose  of  establishing 
the  strength*  of  the  subgrade  materials,  of  the  base  course,  of  the  base  plus 
surface.  These  tests  Included*  The  Surface  !/>ad  ""est  (load  bearing  test  on 
asphalt  surface),  The  Base  Course  Load  Test  (load  bearing  test  on  the  base 
surface),  The  Subgrade  Load  Test  (load  bearing  test  on  subgrade  surface),  the 
Cone  Penetration  tests  and  Housel  Pentrooeter  test.  Penalty  and  moisture 
content  of  the  subgrade  base  and  paweaent  were  taken  to  determine  what  state 
the  Materials  we~e  in  at  the  tine  the  other  tests  we^  run. 

Samples  were  taken,  both  undisturbed  and  otherwise,  so  laboratory  tests 
could  be  run  on  the  eaae  type  material  as  the  field  tests  were  run  on. 

K  description  of  the  field  tests  and  sampling  operations  follows. 

(a)  Load  Bearing  Test 

The  leeatlon  at  whloh  the  test  was  to  be  run  was  spotted.  The  platee 

were  then  set  In  plaoe  as  e^own  In  the  following  photo. 
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The  30"  dia?wter  plate  in  thir  test  war  placed  first.  On  top  of 
this  wrs  placed  the  24"  diameter  plate,  then  the  13"  diameter  plate, 
then  a  series  of  12"  diameter  plates  and  finally  the  50  ton  hydraulic 
Jack.  T^eae  plates  and  Jack  we»*e  bo  placed  that  a  vertical  line 
throo-h  the  centre  or  the  jack  »ent  through  the  centre  of  each  plate. 
Fach  plate  was  1  inch  thick  except  for  the  30"  plate  Thick  was  I4" 

For  the  surface  test  the  plate  was  set  in  a  thin  layer  of  Plaster  of 
Parle.  For  the  base  course  and  subgrade  tests  the  plate  was  set  in 
a  thin  layer  of  screened  sand.  (Sand  passing  the  No.  20  sieve). 

The  truck  loaded  with  shout.  30  tens  ras  next  driven  crrwr  the  plates 
in  such  a  way  that  the  vertiele  through  the  centre  of  the  Jack  passed 
through  the  centre  of  gravity  of  the  load. 

An  Id  feot  beam  was  next  passed  under  the  truck  with  its  axis  perpen¬ 
dicular  to  the  Ion#  axis  of  the  truck.  The  beam  rested  on  the  pavement 
on  either  side  ef  the  truck  through  suitable  supports.  Its  purpose 
was  te  hold  the  Aloes  dials  which  were  used  to  noasuro  the  settlement 
of  the  plate. 

The  dials  were  sot  on  opposite  ends  of  a  disaster  of  the  bortom  olate 
about  one  inch  from  the  edge.  Fnough  load  was  applied  by  means  of  the 
hydraulic  jaok  to  give  about  10/1000  inches  deflection  of  the  plate, 
to  eet  the  plate,  and  *he  dials  were  set  at  aero  at  this  load.  I'he 
load  was  applied  until  it  was  Thought  from  watching  the  dials  that  by 
the  time  the  plate  had  finished  settling  the  total  deflection  would 
amount  to  appro* imately  0.05  inches. 
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When  this  load  was  reached  the  load  on  the  Jack  was  recorded  and  dial 
readings  were  taken  at  the  following  times  after  the  complete  load  had 
been  applied! 

One,  two,  three,  five,  seven,  ten  and  fifteen  minutes  and  then  every 
five  minutes  until  the  rate  of  deflection  of  the  plate  was  1/1000  inches 
per  minute.  The  amount  of  defleotlon  obtained  when  the  rate  of  deflection 
wae  1/1000  inches  per  minute  was  recorded  as  the  deflection  obtained  after 
the  first  application  of  tho  first  load. 

Tho  hydraulic  jack  was  released  thus  letting  the  load  off  the  plates 
and  dial  readings  taken  every  minute  until  the  rate  of  recovery  was 
equal  to  1/1000  inches  per  minute.  ^he  total  deflection  from  start 
of  test  to  this  time  was  recorded  as  the  settleiaen  obtained  after  first 
release  of  first  load. 

The  process  of  loading  and  releasing  wae  repeated  6  times  for  the  same 
lead  and  the  values  of  deflection  and  settlement  recorded. 

The  load  was  then  increased  until  it  was  thought  the  deflection  after  the 
first  application  of  this  load  would  be  ap|  roximately  0.13  lrehea.  The 
application  and  release  of  this  load  was  repeated  6  times  and  the  values 
for  defleotlon  and  settlement  recorded. 

Tho  lead  wae  next  increased  to  give  an  initial  deflection  after  the 
first  application  of  approximately  0.35  to  0.40  inches.  Tho  appli¬ 
cation  and  re  Lease  of  this  load  was  repeated  6  times  also  and  the  values 
for  deflection  and  settlement  recorded. 
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The  first  application  of  each  load  wa3  continued  for  at  least 
15  minutes  and  succeeding  applications  of  load  were  continued  until 
the  difference  between  each  of  two  successive  deflection  readings 
wae  1/1000  inches  per  ainute  or  leas. 

The  results  were  plotted  as  shown  in  trie  following  sample  results. 


Airport 

- 

Grande  Prairie 

Punway 

- 

#11  m-ST 

Station 

- 

34/30 

Offset 

- 

33*  * 

Datum 

- 

CL 

Date 

- 

June  29,  1945 

Type  Test 

- 

Subgrade  Load  Tost 

10.000/ 

1st  2nd  3rd  4th  5th  6th 
Deflection  .0525  .0550  .0590  .0610  .0620  .0620 
Settlement  .0U3  .0170  .0200  .0225  .0245  .0260 


Deflection 

Settlement 


20  ooo, y 

1st  2nd  3rd  4th  5th  6th 

.1400  .1510  .1540  .1610  .1640  .1100 

.0590  .0630  .0710  .0760  .0300  .0330 


Deflection 

Settlement 


in  nms 

1st  2nd  3rd  4th  5  th  6  th 

.3400  .3700  .3930  .4050  .4200  .4230 
.1630  .1970  .2130  .2270  .2350  .2420 
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The  six  values  of  deflection  for  each  load  were  plotted  against 
Log  (number  of  repetitions) (Fig. 1)  and  straight  lines  were  drawn 
through  these  points  oat  to  10,000  repetitions#  To  justify  the  ex¬ 
tending  of  these  line©  load  tests  were  run  to  on©  hundred  applications 
of  load  at  each  field.  The  straight  line  relationship  was  found  to 
hoi**  However,  as  this  is  not  used  in  this  paper,  no  more  will  he 
said  about  it. 

On  the  arithmetic  plot  of  load  vs  deflection  (  Fig*  2)  the  deflection 
after  the  first  application  of  each  load  was  plotted,  giving  the 
Initial  Deflection  Curve.  The  0.2”  Reflection  Curve  wa©  located  by 
plotting  the  curve  which  had  0,2  inches  more  deflection  at  each  load 
than  did  the  Initial  Deflection  curve. 

The  10,100,  1000  and  10,000  loading  curves  were  plotted  by  picking  the 
results  from  the  Deflection  vs  Log  (number  of  repetitions)  Curve  at 
the  corresponding  number  of  repetitions.  These  curve©  were  drawn  in 

as  straight  lines  as  shown  on  the  graph.  In  this  paper  the  only  curve 

that  is  used  is  the  initial  deflection  curve. 

(h)  Cone  Penetration  Test©  at  the  undisturbed  test  location  were  run  at 

0,  6  &  12  inches  below  the  top  of  the  subgrade.  The  test  was  repeated 
at  each  layer  until  3  checks  were  obtained.  Test  a©  outlined  in  the 
A.S.T.M.  "Proceedings  for  Testing  Soils". 

(c)  Kouscl  Penetrometer  Test  at  the  undisturbed,  test  location  was  run  for 
0-6,  6-12,  &  12-13  inches  be lor  top  of  subgrade  and  the  shear  samples 
obtained  were  taken  to  the  field  laboratory.  Test  conducted  as  raeoes- 
mended  in  "A  Manual  of  Soil  Science  Applied  to  Subgrade  and  Das©  Course 

Design”  by  Dr.  N.W.  McLeod. 
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(d)  Thickness  and  classification  of  all  layers  overlying  the  subgrade 
was  measured  and  recorded, 

(e)  At  the  undisturbed  location 

Density  sample  (approximately  1000  grams)  and.  a  75  oound  sample  of 
asphalt  pavement  was  taken. 

Moisture  samples  (approximately  1200  grams  kept  in  glass  sealers) 
density  (us in?  Ottawa  S&nd)  and  a  75  pound  sample  of  base  course 
was  taken* 

Moisture  samples  (approximately  1000  prams  kept  in  glass  sealers) 
density  (using  Ottawa  Sand)  and  75  pound  samples  of  subgrade 

at  0-6  inches  below  top  of  the  eubgrade 

at  6-12  inches  below  top  of  the  subgrade 

at  12- IS  inches  below  top  of  the  subsrrade 

were  taken* 

Moisture  samples  (  &px  roximtely  1000  grams  kept  in  gins?  sealers) 
were  obtained  for  2  foot  interveli  up  to  10  feet  below  the  top  of 
the  subgrade,  by  augering. 

(f)  Two  undisturbed  samples  6"  in  diameter  by  6"  long  were  taken 

from  each  undisturbed  sampling  location  at  each  of  0-6w  and  9-15*  below 
the  top  of  the  subgrade. 

(e)  Pnde~  all  load  test  locations  60#  samples  and  moisture  content  samples 
of*  base  course,  and  subgrade  0-6,  6-12  St  12-18"  below  the  subgrade 


surface  were  taken, 


■ 
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II •  Laboratory  Teuta 

All  laboratory  tests  unless  noted  otherwise  were  run  in  the  Soil 
Mechanics  Laboratory  at  the  University  of  Alberta. 

The  laboratory  tests  were  run  for  four  main  purposes t 

(a)  To  classify  the  soils 

(b)  To  determine  the  suhgrade  strength 

(c)  To  obtain  the  moisture  density  relations 

(d)  To  determine  moisture  contents  of  th©  base  course  and  the  subgrade. 

(a)  Classification  of  soils 

In  nature  there  are  many  different  kinds  of  soils  such  as 

sandy  soils,  silty  soils,  organic  clays,  inorganic  clays,  etc.  It  is  a 
known  fact  that  each  typo  of  soi-*  will  hnv©  different  characteristics 
such  aa  permeability,  bearing  capacity  etc. 

The  tests  used  for  classification  purposes  area  The  Limit  ^ests. 
Specific  Gravity,  and  Mechanical  Analysis. 

(b)  Determination  of  fubgrade  P- tra n~t r 

Ths  method  of  finding  th®  strength  of  a  subgrade  material  is  a  hotly 
contested  point.  If  the  answer  were  known  there  would  ba  no  need  for 
this  investigation.  There  are  however,  several  teste  that  have  been 
developed  for  the  purpose  of  obtaining  the  strength  of  a  subgrade  material. 
The  California  State  Highway  officials  devised  a  punching  shear  test 
called  the  California  Bearing  ratio  test  for  obtaining  the  strength  of  a 
subgrade  material. 

The  Priaxial  Compression  Test  gives  a  value  as  to  shearing  strength 
and  modulus  of  deformation  of  a  subgrade  material.  The  Trivial  Test 
run  on  the  clays  was  a  quick  test  and  thus  values  of  angle  of  internal 

friction  obtained  are  by  no  means  the  true  values  but  the  values  for 
modulus  of  deformation  and  cohesion  are  reliable. 


' 


*'  ■  ■i  i  ■■  :  j 


' 


. 


. 


-  • 


11 


The  Consolidation  test;  is  ordinarily  run  to  give  amount  and  rat©  of 
settlement  of  a  soil  mas©  subjected  to  a  load.  However,  in  this  in¬ 
vestigation  this  is  not  of  too  such  importance.  It  was  hoped  to  utilise 
the  values  of  swelling  pressure  and  permeability  and  certain  soil 
constants,  as  the  slope  of  the  virgin  branch  of  the  pressure  void  ratio 
curve,  that  can  be  derived  from  this  test. 

In  the  field  laboratory  House 1  shear  tests  were  run  on  th©  samples 
obtained  from  the  Housel  fenetration  Test,  This  is  a  direct  shear  test 
where  the  soil  is  acted  on  in  double  shear.  The  test  was  conducted  as 
outlined  in  ttA  Manual  of  Soil  Science  Applied  to  Subgrade  and  Base  Course 
Design**  by  Dr,  N.W.  McLeod. 

(c)  There  is  another  test  which  cannot  be  included  as  a  classification  or 
strength  determination  test.  This  is  the  moisture  density  test  or 
Proctor  Compaction  Test.  The  purpose  of  this  test  is  to  sot  standards 
of  maximum  compaction  that  can  be  obtained  by  a  material  and  at  what 
moisture  content  th®  soil  can  be  compacted  to  this  aaxiinum.  It  was  run 
here  to  compare  field  densities  with  maximum  density  as  obtained  by 
standard  test.  The  test  run  was  the  Modified  ^roctorj  The  reason 
being  that  with  modern  compaction  methods  one  can  obtain  higher  densities 
than  can  be  obtained  by  the  Standard  Proctor  Pest. 

(d)  Moisture  content  -  The  natural  moisture  content  of  all  subgrade  and  base 
materials  as  they  existed  In  the  field  were  taken  in  order  that  other 
test  data  could  be  better  correlated. 
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A  description  of  the  tests  used  follows: 

l*  ItMjiZ 

The  tests  as  outlined  in  tae  A.S.T.M.  book  ••Procedures  for  Testing 
Soils'1  for:  Liquid  Liiait,  Plastic  Lir.it,  Plasticity  Index,  Flow  Index, 
Shrinkage  LL’-iit,  Shrinkage  Patio,  and  Specific  Gravity  from  the  Shrinkage 
test  were  conducted  on  each  75  pound  sample  taken  fro a  the  undisturbed 

location. 

2.  Si?ffcir.ic  Gravity 

Tests  for  finding  -die  true  specific  gravity  of  the  grain  particles, 
both  coarse  and  fine,  were  run  by  using  water  as  outlined  in  the  Harvard 
University’s  "Hotas  on  Coil  Testing  for  Engineering  Purposes'*. 

3.  Mechanical  Analysis 

Sieve  and  hydrometer  tests  on  each  sample  from  the  undisturbed  location 
for  grain  size  distribution  as  outlined  in  the  Harvard  University’s 
"Notes  on  Soil  Testing  for  Engineering  Purposes’*. 

4.  California  Rearing  "a tjo 

Standard  test  as  laid  down  by  the  California  State  Highways  Officials 
with  the  modification  that  the  test  was  run  on  one  end  of  the  sample, 
throe  quarters  or  an  inch  was  cut  frora  that  end,  the  sample  soaked,  and 
then  the  test  rerun  on  the  same  end  as  the  first  tost,  was  run  on  one  of 
the  undisturbed  samples  from  each  depth  of  each  sampling  location. 

5.  Consolidation  Test 

A  consolidation  test  was  run  on  a  sample  taken  from  the  other  of  the  2 
undisturbed  samples  taken  from  each  depth  of  the  undisturbed  sampling 
location.  The  test  was  conducted  as  laid  down  in  the  Harvard  University’® 
"Notes  on  Soil  Testing  for  Engineering  Purposes". 


V 
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Quick  Triaxial  tests  were  run  on  samples  taken  from  the  same  undis¬ 
turbed  sample  as  the  consolidation  test  samples. 

The  test  was  conducted  as  laid  down  in  the  Harvard  Tfniversityfs  "Notes 
on  Soil  Testing  for  Engineering  Purposes". 

7.  Moisture  Density 

Modified  Proctor  Compaction  -  same  test  procedure  as  outlined  in  the 
A.S. ?.?d.  book  "Procedures  for  Soil  Testing"  with  the  modification  that 
the  soil  is  compacted  in  5  layers,  each  layer  being  compacted  by  25  blows 
of  a  10  pound  hammer  falling  13  inches. 

8*  Moisture  Contents 

Determination  of  moisture  content  of  the  base  course  and  each  subgrade 
moisture  sample  that  was  taken  in  the  field  were  run  in  the  field  laboratory. 

Moisture  content  determination  was  run  on  the  base  by  using  1000  gram 
samples  and  on  the  subgrade  materials  by  using  200  gram  samples.  The 

camples  were  oven  dried  for  13  to  24  hours  at  110°  £  5°  C. 

9.  Density  of  the  Asphalt  w%s  also  determined  in  the  field  laboratory  by  the 
water  displacement  method. 

Patftii.a.nd  ials 

The  vast  amount  of  a  used  by  the  author  for  this  investigation  was 
obtained  from  the  Department  of  Transport  from  a  research  program  which  was 
carried  out  on  the  various  airports  In  the  summer  of  1945.  The  laboratory 
test  results  wore  obtained  from  the  Department  of  Civil  Engineering  which, 
under  the  direction  of  Prof.  P.M.  Hardy,  conducted  the  tests  for  the 
Department  of  Transport, 

The  author  worked  in  the  field  during  the  summer  of  1945  for  the 
Department  of  Transport  on  this  research  project. 
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Classification  of  Soils 

A  method  of  classification  of  soils  is  the  Plasticity  Chart,  which  is  a 
plot  of  Plasticity  Index  vs  Liquid  Limit.  If  a  series  of  such  tests  on  soils 

from  the  same  geological  origin  are  plotted  on  this  plasticity  chart  the  points 
will  all  fall  on  a  straight  line.  The  location  on  the  straight  line  for  such 

soils  is  dependent  on  the  grain  si2e,  the  coarser  materials  beinp  located  at  the 

|| 

lower  end  of  the  line  and  the  finer  materials  at  the  upper  end. 

The  plasticity  chart  therefore  can  readily  be  used  for  classification 
purposes.  It  has  been  divided  roughly  into  sections  as  shown  in  Figure  3. 

Each  section  has  the  name  of  the  soil  type  inserted. 

Therefore  to  classify  the  soils  used  in  this  investigation  a  plasticity 
chart  will  be  drawn  for  the  soils  from  each  airport  and  called  "Soil  Classifi¬ 
cation  Curves".  (Figures  4-7). 


*  D*K.  Teraaghi  -  Engineering  Institute  of  Canada  Journal  -  December  1944 
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A  Btudj  of  the  classification  charts  shows  that  the  plot  of  plasticity 
index  vs  liquid  limit  rives  a  rathsr  food  straight  line  relationship.  This  was 
expected  as  on  the  plains  the  coils  its  a  smalt  area  are  very  apt  to  be  ©f  the 
sanve  geological  age.  Therefor©  It  can  be  assumed  that  for  all  the  work  on  each 
airport  one  is  dealing  with  the  saae  type  of  soil. 

The  classification  chart  can  now  be  divided  into  different  zones  as  shown 
in  Figure  8.  More  work  will  have  to  be  done  on  other  types  of  soils  to  enable 
the  complete  zoning  of  the  chart. 

The  classification  chart  has  been  divided  into  4  zones  here: 

Zone  A  -  Lethbridge  subgrade  soils 

Zone  B  -  Saskatoon  subgrade  soils 

Zone  C  -  Grande  Prairie  subjrade  soils 
Zone  D  -  Winnipeg  eubgrade  soils 

From  the  foregoing  work  it  appears  that  the  first  step  in  the  design  of  an 
airport  runway  la  to  obtain  a  roasonablo  number  of  samploa  of  the  subgrade  to  bo 
used  and  run  Liquid  Limit  and  Plastic  Limit  Teste  on  them.  In  this  way  by  referring 
to  tho  Classification  Chart  of  Figure  3  tho  zone  into  which  the  soil  in  question 
falls  could  bo  determined. 

In  tho  remaining  part  of  this  paper  tho  work  will  all  be  done  for  each  zone. 
The  author  is  not  of  tho  opinion  that  a  definite  relation  between  the  subgrade 
strength  as  available  in  tho  field  and  ae  found  from  tho  laboratory  tests  can  be 
obtained  for  all  types  of  soil  in  general,  but  possibly  such  a  relation  can  be 
obtained  for  each  Individual  type  of  soil. 


. 
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It  was  thought  that  one  could  obtain  some  relationship  for  classification 
purposes  from  the  values  of  liquid  limit  and  shrinkage  limit.  A  plot  was  there¬ 
fore  made  (figure  9)  of  Liquid  Limit  vs  Shrinkage  Limit.  The  wide  distribution 
of  results  on  this  plot  indicate  that  there  is  little  significant  relation 
between  these  two  limits.  Therefore  no  further  attempts  will  be  made  to  use 
these  values  as  the  classification  charts  of  Plasticity  Index  vs  Liquid  Limit 
prova  to  be  quite  satisfactory. 
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faring  Capacity  of  ryihgrade  Materi&ls 

In  this  ■work  it  will  be  aeauaed  Miat  the  field  load  tests  on  the  surface 
of  the  autbgrado  will  give  the  bearing  capacity  of  the  subgrade.  The  problem 
then  is  to  corywlate  the  laboratory  data  with  the  field  data  such  that  from  the 
laboratory  tents  one  can  determine  the  bearing  capaei+y  of  the  subgrade  material. 

It  la  therefore  easential  to  first  establish  the  type  of  subgrade  failure 
that  was  obtained  when  the  field  load  test  was  run. 

The  load  required  on  a  shallow  circular  footing  of  radius  B  to  produce  a 
ohear  failure  is  given  as  follows'" 


w-4 


=  /7/?1  ( 


1-3  C  N, 


V  /X  N, 


D  t\i 


I 


r _  _ - 

A/c  -  Co/  0  j  i  c  03  z  (  vj-rAj 

kl  m  «»* _ 

A Iff  Z  C03  Z  (  *S  *-  £) 


Ny  = 


-4  ** *  $  ( coi'p  0- 

*-  4r)fan  * 


e  *  base  of  naporian  logarithms 
4>  =  anglo  of  intornal  friction 

Hp  •  coefficient  of  passive  earth  pressure  for  a  surface 
footing}  cohesion  *  0. 

£  r  angle  of  wall  friction  equals  0 

Dp  n  depth  of  burial  of  base  of  footing 

y  z  unit  weight  of  soil 

Nc,  Nq,  N  y  can  be  obtained  from  published  charts  ** 

*  Dr.  K.  Teraaghi  -  Theoretical  Soil  Mechanics  -  Chapter  VIII  SS  4£  &  47 
w»  Dr.  K.  Teraaghi  -  Theoretical  Soil  Mechanics  -  Figure  38,  Page  125 


If  the  soil  Is  Iocs©  or  very  compressible,  the  bearing  capacity 

factors  N  muBt  be  replaced  by  the  values  R*. 

In  order  to  compute  *he  cor-esponding  values  &  N^“  one  must 

c  3 

replace  the  valuee  of  /  f *  C  In  the  a'vjve  ©relations  by  &  $j^. 


C1  *  2/3  C 
tan  01  =  2/3  tan  0 

Theae  bearing  capacity  factors  can  also  be  obtained  froa 

x 

published  charts. 


In  the  type  of  eubgrade  load  test  which  was  run  in  the  field, 

Dy  »  0.  As  ‘ve  subgrade  material  was  clay  the  test  was  run  too  fast  to 
have  much  internal  friction  developed  co  it  will  be  assumed  that  ff  s  0. 


Therefore 

% s 

»e  s 

By  * 

*  I1  (1.3  c  /  o .(  y  V  Nx) 
3/2^/  1  =  5.7 

0 

Therefore 

%  5 

*  P2  x  U  C  x  5.7 

23.6  K2  C 

If  the  eubgrade  ie 
1 

s 

loose  and  compressible 

Therefore 

I,  S 

2 

23.6  F  C  for  the  worst  case 

The  location  of  the  load  test  which  gavo  approximately  the  lowest 

subgrade  bearing  capacity  on  the  Grande  Prairie  Airport  will  now  bo  checked 

to  obtain  what  load  will  bo  required  to  obtain  a  shear  failure. 

The  location  used  1st 

runway  -  fflfl-CW 

Station  -  23/00 

Offset  -  33* L  of  centre  line 

T)r.  K.  TOrsaghi  -  Theoretical  Soil  Mechanics  -  Figure  33,  Page  125 
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The  triaxial  teens  from  this  location  give  the  followings 
Depth  -  0"  -  6«  9*  -  15* 

C  -  1.3  kg/eta2  0.55  kg/cm2 

0  -  13.42°  29.0° 

Therefore  if  one  uses  a  c  *  0.55  kg/c»2  the  worst  case  is  “being 

considered. 

C  s  0.55  kg/cra2  *  7.32  p.s.i. 

P  s  15  inches 

Therefore  =  23.6  x  15  x  15  x  7.32  *  41,600  pounds 

The  hearing  capacity  of  the  eubgrade  as  found  from  the  field  loading 
te^t  at  this  location  >ras  found  to  be  less  than  20,000  pounds.  Therefore 
it  appears  from  the  theory  that  none  of  the  failures  were  s  tear  failures. 
Therefore  it  is  reasonable  te  take  a  column  of  soil  immediately  below  the  plate 
and  compute  the  compression  of  it. 

2..  Bearing  Capacity  Limited  by  Amount  of  nefleclon  of  r»ubgrade  Turf  ace 

Having  assumed  that  the  soil  will  not  fail  by  shearing  an  attempt  will 

now  bo  made  to  correlate  the  iiearinr  capacity  of  the  subgrade  as  derived  from 
the  field  testa  with  the  results  from  certain  laboratory  tests  aat 

The  '’’riaxial  Compression  Test 

Moisture  Content 

Toughness 

California  Bearing  Batio 

The  the»x>etioal  value  of  modulus  of  deformation  of  a  soil  as  determined 

x 

from  an  actual  field  tost  has  been  worked  out. 

m  Dr.  A.  Casagrande  -  in  a  discussion  to  paper  by  A.E.  Cumming  on 

"Distribution  of  Stresses  Under  a  Foundation"  - 
Proceedings  -  American  Society  of  Civil  Kngineers 
October  1936  -  Transactions  No.  1936. 
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There  ar®  two  assumptions  or  approximations, 

1,  "he  rat®  of  velum®  decrease  equal  to  the  volume  decrease  observed  in  the 
consolidation  tea1  and  is  independent  of  the  distortion  of  the  mass, 

2,  The  effect  of  the  normal  stresses  on  vertical  planes,  and  of  the  shearing 
stresses  on  1  he  volume  decrease  can  be  neglected. 

A  circular  plate  of  diameter  D,  resting  on  the  surface  of  a  seni- 
Infinite  body  with  const&n:  modulus  of  elasticity  ,rFn,  is  loaded  with  p/unit  area. 
The  theory  of  elasticity  gives  for  the  '.otal  ’Isplacoraent  ,  ^  ,  of  the  centre 
of  area  (oettle.aent)  the  following  formulas 

^  :  Z  *  n't*1  X  I) 

t  u2 

in  which  "a"  represents  Poissons  number. 

For  perfectly  incompressible  material  m  •  2- 
For  perfectly  compressible  material  m  *  °° 

For  a  •  £  ^  =  £  £T 

F. 

For  m  =  -°  AzZL 

E 

The  settlement  due  to  Immediate  deformation,  without  volume  change, 
can  be  found  by  utilising  the  stress  strain  diagram  from  an  unconfined- com¬ 
pression  test  on  an  undisturbed  sample  of  clay.  In  the  majority  of  cases  the 
stress  strain  curve  over  range  of  stresses  which  are  introduced  into  the  soil 
by  the  lead  can  be  replaced  by  a  straight  line.  The  slope  of  this  line  is 
called  modulus  of  deformation  (M). 

Since  we  have  the  incompressible  case  in  t  jis  investigation, 


A  ■  3  c*) 


. 
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The  subsequent  settlement,  ?ue  to  gradual  volume  decrease  can  be 
determined  with  help  of  the  pressure-void  rati©  curve  obtained  from  the  con¬ 
solidation  test  on  an  undisturbed  sample.  As  a  homogeneous  mass  5s  assumed 
the  whale  mass  is  preconsolidated  under  the  same  load,  P©  ,  The  loading 
raise®  this  intrinsic  stress  in  the  soil  in  varying  amounts,  to  a  maximum  of 
(P©  /  P).For  this  rang®  of  stress  the  c’lange  in  volume  may  be  represented  by 
a  straight  line,  the  slope  ©T  which  equals  the  coefficient  of  compressibility 

a  •  «1  -  «2 

P 

e  *  void  ratio 

From  this  the  corresponding  ratio  of  stress  to  strain  is  derived 

thua 

A  s  _ l _  s  *  /  n 

•1  -  «2  a 

i  /  n 

which  is  defined  as  the  modulus  of  volume  change. 

This  modulus  corresponds  to  F.  for  material  obeying  Hookes  Law  and 

with  m  •  ^ 

Therefore  settlement  of  a  circular  a**ea  due  to  consolidation  only  can 
be  found  by  replacing  "F"  with  "A". 

Hence  the  total  settlement  of  the  centre  of  this  area  will  be 

<4  *  (2  l  /  2)pi> 

(2  M  A) 

The  settlement  due  to  consolidation  only 

-  A  :  p  D 
* 
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Sine©  in  the  field  loading  test  as  conducted  in  this  investigation, 

the  load  was  not  on  the  soil  long  enough  to  produce  consolidation,  the  case 

of  load  on  an  incompressible  material  is  almost  duplicated. 

Therefore  ^  •  3  p  D 

4  M 

S  lnce  D  •  30" 

P  =  P  P  =  total  load  on  plate 

706 

and  M  :  3  P  r 

4 

From  the  field  load  test  data  the  lead  P  can  he  obtained  for  each 
value  of  ^  up  to  i  |  inch.  Therefore  the  corresponding  values  of  “I!# 

can  be  computed. 

^0*05  9  deformation  for  **  0*05  inches 

MO.1  s  Koduluo  of  deformation  for  s  0.1  inches 

«0.  2  *  Modulus  of  defo nation  for  =  0,2  inches 

As  an  example 

suppose  P  •  7,200  pounds  for  **  0.05  inches 

P  ■  7200  -  10.20  p.s.i. 

706  " 

Therefore  Mq  0e  -  3  x  10.20  r  30  r  4600  p.s.i. 

#  "  4  x  0.05 

Mq#05  and  ^  will  now  be  computed  for  all  Subgrade  I/>ad  Tests  conducted. 


* 
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• 
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DATA  FOF  SUBGRAPH  LDAP  T.ST  (30  Inch  Plate)  -  OftAflPE  PRAIRIE 


Station 

Offset 

P  for 

^  a. 05 

?  for 
.10 

P  for 

0.2 

P  Tor 

0.3 

P  for 

-4«s  0.4 

?  for 

4 a  Q.5 

a  for 
^  *0*05 

M  for 
<4«0.1 

14/to 

33* 

L 

4.97  * 

_  __  K 

7.52 

10.73  k 

13.90* 

16.3  8* 

19.85* 

2230 

1692 

33* 

L 

9.08 

13.19 

18.85 

22.25 

24.3 

25.9 

4040 

2960 

17/20 

CL 

11.33 

15.60 

20.7 

24.3 

23.2 

30.9 

5030 

3320 

18/00 

33* 

L 

12.05 

16.15 

22.0 

26.9 

30.6 

33.8 

5440 

3640 

33* 

ft 

8.51 

13.47 

20.5 

23.5 

25.5 

23.0 

3340 

3034 

20/50 

33' 

L 

17.25 

24.2 

34.0 

41.5 

47.8 

52.  S 

7760 

5440 

33* 

ft 

10.62 

18.35 

30.0 

37.2 

42.3 

46.3 

4730 

4240 

23/00 

33* 

L 

10.20 

15.18 

25.1 

32.9 

39.7 

44.3 

4600 

3530 

33* 

ft 

9.36 

13.75 

20.4 

24.3 

23.6 

30.0 

4220 

3100 

29/00 

33* 

L 

12.05 

19.6 

29.3 

36.2 

41.2 

45.2 

5440 

4420 

33' 

ft 

10.92 

17.03 

25.5 

30.5 

34.3 

37.4 

2920 

3840 

35/00 

33* 

L 

18.00 

24.4 

35.6 

45.0 

52.5 

59.5 

3120 

5430 

33* 

ft 

13.9 

22.5 

36.6 

50.3 

65.2 

19.0 

6260 

5060 

40/50 

CL 

7.06 

22.2. 

33.2 

41.  S 

49.0 

54.7 

3130 

5020 

45/00 

33' 

L 

12.32 

18.6 

29.5 

33.3 

45.5 

52.0 

5540 

4180 

33' 

A 

9.64 

16.3 

25.1 

31.3 

27.3 

42.0 

4340 

3680 
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P4r.  FCW  39BGTUD2  I DAD  "  >  1  (3C  Inch  Plate)  -  Grande  Prairie 


Station 

Offset 

P  for 

A  5 

P  for 
.10 

P  for 

A*  0.2 

P  for 
0.3 

P  for 

A*JLA 

P  for 
as  0.5 

W  for 
ASQ.05 

X  for 

A  "0.1 

5/50 

25*  *  CL 

8.80  * 

rr.5 n 

34.1  ’ 

30.5  * 

35.9  * 

40.6  * 

3960 

3490 

8/80 

35'  L  CL 

12.9  0 

18.3 

27.3 

34.3 

40.0 

44.7 

5300 

4240 

35'  P  CL 

9.92 

16.7 

27.2 

36.2 

43.8 

50.0 

4460 

3760 

8/10 

50*  L  FEP* 

12.05 

17.0 

23.4 

28.4 

32.8 

36.2 

5420 

3340 

5/10 

20*  L 

8.52 

11.5 

17.6 

23.4 

29.2 

35.5 

3340 

2590 

l/£0 

63»  L 

11.62 

18.4 

25.7 

31.4 

35.7 

39.6 

5240 

4160 

4/80 

250 »  L 

17.72 

29.1 

46.3 

61.0 

72.6 

33.6 

3000 

6560 

l/to 

250*  L 

17.00 

23.1 

45.8 

61.2 

73.7 

83.9 

*1660 

6320 

4/40 

CL  0.0.  T. 

13.74 

23.6 

33. S 

43.6 

51.3 

53.4 

6130 

7860 

3/70 

130*  p(IS) 

16. 9 

27.1 

42.3 

56.0 

66.6 

75.2 

7620 

6100 

2/70 

60*  P(LR) 

6.67 

8.08 

7.06 

17.0 

13.3 

20.6 

3020 

1300 

. 


.. 


> 
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DATA  FOF  SI3BGFAPF.  LDAP  T3ST  (30  Inch  Plate)  -  IgTSBF.IPGB 


?  P  P  P  P  P  U  M 


Station  Offset 

0.05 

0.1 

0.2 

0.3 

0.4 

0.5 

0.05 

0.1 

:  4/00 

CL 

* 

21.2 

35.4* 

53.5  * 

75.2 

36. 5  * 

92.2  * 

9540 

7960 

13/00 

CL 

17.3 

27.2 

41.2 

51.1 

59.5 

66.7 

7790 

6120 

20/00 

CL 

19.2 

31.2 

46.3 

56.7 

65.2 

72.3 

3640 

7020 

29/00 

CL 

18.4 

30.9 

51.1 

66.7 

30.3 

92.2 

3230 

6950 

7/00 

CL 

21.1 

35.5 

53.2 

70.3 

73.0 

32.3 

9500 

SOOO 

12/50 

CL 

21.4 

32.5 

46.3 

58.2 

66.7 

70.8 

9630 

7320 

22/50 

CL 

29.4 

43.2 

62.4 

76.6 

37.8 

97.3 

13,230 

9720 

31/00 

CL 

25.5 

41.2 

62.4 

73.7 

32.2 

39.4 

11,470 

9230 

5/00 

CL 

21.0 

30.9 

43.9 

51.1 

56.3 

59.6 

9450 

6960 

fW  7/00 

ifi- 

itrip 

CL 

24.0 

38.0 

59.5 

75.1 

39.2 

99.3 

10,300 

8560 

9/50 

CL 

19.8 

29.1 

43.9 

53.8 

62.4 

63.1 

3920 

6550 

*/00 

CL 

23.4 

39.7 

55.3 

63.1 

76.6 

35.1 

12,790 

3930 

a  2/35 

75*  K 

25.5 

23.3 

53.8 

65.2 

73.7 

83.7 

11,470 

6330 

5/47 

112*  E 

16.4 

25.5 

36.4 

44.2 

51.2 

57.0 

8360 

6390 

3/00 

37.5'  F. 

22.1 

36.3 

61  o 

82.2 

102 

119 

9950 

3060 

12/25 

40'  * 

17.0 

28.8 

48.2 

62.3 

75.1 

33.7 

7650 

6430 

7/00 

37.5'  E 

21.4 

36.3 

59.5 

72.3 

77.9 

80.3 

9630 

8280 

9/00 

115'  E 

16.3 

34.0 

46.3 

55.2 

62.3 

67.0 

7340 

7660 

6530 

4630 

5260 

5750 

6550 

5260 

7030 

7030 

4940 

6700 

4940 

6230 

6050 

4990 

6360 

5420 

6700 

5270 
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DATA  FGr 

SflBGT’ADE  LOAD  TEST 

(3Q  inch  Plate) 

-  STEVFNSOKS  Fit 

•;ld  -  ^ 

miFSG 

Station  Offset  *0.05 

P0.1 

?0.2 

?0.3 

po.4 

P0.5 

y0.05 

0.1 

"0.2 

5  3/04 

CL 

9.91* 

15.00* 

20.'5* 

24.3* 

23.1* 

30.3* 

44^0 

3330 

2360 

6/86 

CL 

9.35 

14.30 

20.6 

25.5 

23.5 

32.6 

4210 

3220 

2320 

10/36 

CL 

9.91 

13.45 

18.3 

21.4 

24.1 

25.9 

4460 

3030 

2060 

15/08 

3* 

L  3.73 

13.03 

18.4 

22.1 

25.2 

27.6 

3950 

2930 

2070 

13/79 

CL 

10.62 

16.64) 

24.2 

23,3 

31.3 

33.3 

4330 

3730 

2720 

23/04 

10* 

*  9.21 

13.05 

17.7 

20.6 

22.7 

24.6 

4140 

2940 

1990 

6  13/23 

CL 

9.5C 

14.18 

13.6 

21.2 

23.0 

24.1 

42  BO 

3190 

2090 

21/23 

CL 

8.50 

13.18 

20.3 

26.2 

30.6 

34.4 

3330 

2960 

2230 

• 

. 

. 

. 

. 

27, 


DATA  FO"  SUEOP.ADH  LC-AP 

TEST  ly. 

>  Inch  n 

•ate)  - 

SAJ'KATOC 

m  .  \ri 

Station 

Off3«t 

P  for 
a  *0*05 

P  for 

A  *0.10 

P  for 
*  =0.20 

p  f  vr- 

/p»- 

*•0.4 

for- 

’*  fcr  for 

=0.05*0.1 

R 

*-Q.2 

21./60 

CL 

7.37 

11.43 

17.6 

22.3 

27.2 

31. r 

3540 

2530 

1930 

16/90 

CL 

3.51 

11.32 

17.2 

20.6 

23.4 

25.3 

3340 

4540 

1936 

U/30 

CL 

11.33 

15.75 

24.3 

30.2 

34.0 

37.4 

5100 

3540 

2760 

11/bO 

CL 

9.50 

15.04 

22.0 

26.2 

29.4 

31.8 

4230 

3330 

2430 

6/90 

CL 

9.22 

13.90 

20.7 

25.6 

29.2 

32.0 

4140 

3140 

2320 

5/35 

CL 

3.37 

12.32 

18.0 

22.4 

22.9 

24.4 

3760 

2730 

2020 

10/00 

CL 

4.26 

6.52 

11.3 

15.9 

20.6 

25.1 

1920 

1403 

1272 

20/2: 

CL 

7.09 

11.34 

20.0 

28.6 

37.2 

45.3 

3130 

2560 

2240 

17/30 

CL 

6.24 

10.07 

15.9 

20.3 

23.7 

26.2 

2300 

2400 

1733 

13/90 

CL 

6.52 

9.93 

16.9 

22.7 

23.0 

33.6 

2940 

2240 

1900 

13/*  5 

CL 

9.22 

14.90 

23.4 

30.0 

35.3 

39.7 

4140 

3360 

2640 

13/15 

CL 

8.51 

12.48 

17.7 

21.3 

24.1 

26.4 

3320 

2300 

1990 

19/00 

CL 

7.08 

10.78 

17.0 

21.7 

25.7 

23.9 

3130 

2420 

1912 

17/30 

CL 

10.63 

16.45 

25.4 

32.6 

33.6 

44.0 

4180 

3700 

2360 

10/00 

CL 

9.22 

15.08 

23.3 

30.2 

35.2 

3°.0 

4140 

3400 

2630 

3/00 

CL 

5.63 

8.80 

13.1 

16.3 

13.7 

20.3 

2540 

1564 

1474 

26/00 

CL 

7.37 

12.07 

19.2 

24.2 

23.4 

31.6 

3320 

2720 

2160 

2/50 

CL 

9.45 

14.13 

20.6 

23.2 

27.1 

28.5 

4240 

3160 

2320 

• 

- 

28. 


There  should  be  a  linear  relationship  between  Mq#q5»  %.i>  %#2  ®*c« 

The  relationship  should  be  better  between  Mq#o5  and  .  a0  l©w®r  loads  were 
applied  to  the  plates  for  these  values.  Therefore  many  of  the  variables  that 
come  in  at  the  higher  values  of  deflection  and  load  will  not  effect  the  iodulus 
of  Deformation  so  much  in  the  lower  ranges  of  load  and  deflection.  The 
author  will  therefore  only  use  and  as  obtained  fro®  the  field  loading 

tests. 

A  plot  of  "Mo.!*  vs  "**6.05*  (Fi?ure  *>or  loading  tests 

conducted  on  the  Grande  Prairie  Airport  shows  that  this  straight  line  relation¬ 
ship  actually  holds  and  therefore  it  doesn’ t  sake  much  difference  whether 
or  i®  used.  **q#05  probably  be  the  more  reliable. 
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From  this  work  it  appears  that  there  should  be  a  linear  relationship 
between  the  modulus  of  deformation  obtained  from  the  field  test  and  that  obtained 

from  the  trlaxial  test. 

Triaxial  data  is  available  for  most  locations  for  depth  of  subgrade  of 
0w-6"  and  of  9"-15’’.  An  examination  of  this  data  3hows  that  there  is  a  wide 
discrepancy  in  the  modulus  of  deformation  for  +he  soils  from  different  depths 
at  the  same  location.  ^he  problem  now  rises  as  to  how  one  should  apportion 
the  differences  in  modulus  of  deformation. 

It  does  not  seem  reasonable  to  average  the  two  values  of  "M"  as  the 
sample  which  has  the  lower  value  of  V  will  he  the  softer  material  and  there¬ 
fore  this  soil  in  place  would  produce  more  deflection  for  lower  values  of  stress. 
This  problem  will  therefore  be  at  acked  <*rom  a  stress-strain  view  point. 

Tho  vertical  normal  stress  beneath  the  centre  of  a  uniformly  loaded 
circular  area  has  been  published  in  table  form.* 

The  vertical  normal  stress  at  a  depth  of  "a"  beneath  the  centre  of  a 
circular  area  wit':  radius  P  carrying  a  load  p  per  unit  of  area  is 


The  table  gives  values  of  lr^  for  different  values  of  R/z. 

As  the  samples  used  in  the  laboratory  triaxial  tests  were  taken  from  the 
field  from  s  ■  0  to  6"  and  9H-15%  the  stress  at  z  «  3"  and  z  *  12"  will  be 
computed  vertically  below  the  centre  or  the  plate. 


At  z  «  3  */*  *  11  2  5 

3 


lr~  s  0.99246 


^  •  0.99246  P 


k  Dr.  X.  Terzaghi  - 

Theoretical  Soil  Mechanics 
Appendix  -  Table  III. 


At  z  =  12 


0.75622 
^  .  0.75622 


,*  K1  5  '  f  *  -  ' 


. 
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To  find  the  vertical  normal  stress  beneath  the  edge  of  a  uniformly 
loaded  circular  area  is  much  more  difficult, 

Bousinesques  equation  for  the  state  of  stress  in  a  homogeneous  mass, 
due  to  a  surface  load,  has  been  derived  in  the  following  form.3* 

d  A 

rhe  following  solution  can  be  worked  out  for  the  stress  vertically  below 

a  uniformly  loaded  plate. 


± 

—  3  _  .  r  d  d  r- 

ITT 


*  S.  Timoshenko  -  Theory  of  Plasticity 


• 

31 


p  -z 
i  ft 


a 


_ l _  7  q/ 

{y  P  1  <Tc55  *<9  +-  2 4  J  *■ _ | 


£ 

2 


Z  J/=> 

Z  ?>• 


/ 


-  > 


d  &- 


(y  A?  y-  z: ’'J 


p 

2. 


z  3  P 


*•  (yp+y) 


% 


2r 

x. 


d  £■ 


fr'f'i1-  **' a-'*) 


4 


yg 

z 


3 

Z  y° 


a. 


^  0- 


»c»/fVi“J  *  '  FTv^J 


A-  v=  __*L^l1_ 

V  z  4 


^  / 


p 


//  a  ■&  st  ' s  /  <*  A/trj  t>  A~  -A~  st  P  <?  y  S$ 


*1  = 


jP 

z 


3 

Z  P 


*(*' PVi'-J^  /- h*~ 


y  (h) 


p 

2 


3 

*  P 


zf  &rJ 


J  -  *2?'- 

^Vzl 


y  ~  z  p  JE  (k) 
z 


vy-  z  *- 


<F^. 
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Very  near  the  surface  (i.e.  when  s  -vO)  the  stress  iomedSately  belovr 
the  edge  of  vie  plate  equals  iP.  Just  in  fro  is  the  edge  the  stress  equls  P. 
Stress  just  outside  the  edge  ©quale  sero.  This  discrepancy  rapidly  dis¬ 
appears  as  z  increases* 

Now  the  stresses  beneath  the  centre  of  the  plate  are? 


at 

u 

N 

»  0.992  P 

at 

2  s  12 

*  0.756  P 

From  the  above  work  the  stress  he  low  the  edge  of  the  plate  can  be 

computed 

-  £(k) 

1  7ri>M  /? 

H  ~  l^-y/f  «-  />>  c  /o. 

z_  )J 

*  (s  9<X3  +  z.1- 

. ' .  *2  *  jf.  -  £  (£) 

^  ^ l/~9cSo~^~2_  »- 

*-.j'  k  •  ifijjf  - 

■**>«**  =  JJL-  £  fo) 

z  rriSTo? 

=  JL  -  *  5?  -I'J 

—  -  o  o  3  y  P 

JL 

=  ^  **  6  6 

/4/-  Z-/2*  k  =  iJ/ov-y  ~  0.9  Z3 

£ (k)  =  /.  S3  6 

S/s-es}  =  _P  -  /  %  P_  x  J./36 

x  jJ  /  oy-y 


O  .  3  6  4,  S* 


. 
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At  z  :  3"  and  z  s  12w  it  will  be  assumed  that  the  distribution  diagram 
of  stress  on  a  horizontal  plane  is  of  the  form  of  a  parabaloid.  Using  this 
assumption  one  can  obtain  a  more  accurate  value  for  average  stress  on  the  plane 
in  question  than  by  assuming  a  linear  relationship.  Most  of  the  literature 
also  indicates  that  the  stress  distribution  diagram  is  parabolic* 

In  this  work  the  value  for  average  stress  is  the  average  stress  on  a  hor¬ 
izontal  plane  in  a  vertical  column,  of  diameter  equal  the  diameter  of  the  plate, 
below  the  plate. 

The  stress  distribution  curve  will  be  assumed  to  be  a  parabola  the 

2 

equation  of  which  is  y  s  c.x 

at  z  =  3  <5^  under  centre  of  plate  =  0*992  P 

<rz  under  edge  of  plate  =  0*466  P 


x  =*  /j"  , 


y  --  o  ¥66.-  o.*?z. 


•• 


. 

■ 


, 

. 
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Assuming  the  axis  as  shown  in  the  figure, when  x  2  15" 
y  •  .992  -  .466  2  0.526 

Therefore  0.526  2  Cx  x  152 

Cl  *  *526  s  .00233 
225 

Therefore 

7  =  .00233  x2 
/r 

Area  OAB  S  J  o  oo  z.  3  j  x  1  c/« 

O 

Area  OP  AC  -  .992  x  15  2  14.35 

Therefore  Area  ODBC2  14.83  -  2.62  2  12.26 

Therefore  Average 

Stress  *  12.26  -  0.317 

15 

=  0.817  P 

at  z  2  12" 

under  centre  of  plate  2  0.756  P 
under  edge  of  plate  2  0.366  P 

Assuming  parabolic  distribution  as  above 

Average  stress  2  0.626  P 

Now  to  obtain  the  average  value  for  the  "fiiodulus  of  Deformation"  obtained 
from  laboratory  teste  run  on  tne  cylinders  taken  from  depths  0-6  and  9-15  inches 
below  the  surface  of  the  subgrade,  the  difference  in  the  values  for  *M"  shall 
be  apportioned  according  to  unit  strain  at  each  depth.  The  strains  shall  be 
computed  h-  using  I  e  tTi— ntldlt  stresses  obtained  at  2  2  3  inches, 
z  2  12  inches  and  the  modulus  of  deformation  obtained  from  the  triaxial  tests 
in  the  laboratory  for  tho  respective  depths. 


. 


. 


. 
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The  theory  for  the  calculation  of  thee©  stresses  is  based  on  the 
assumption  that  a  homogeneous  isotropic  soil  is  being  dealt  with.  This  is 
not  the  ease  with  the  large  variations  in  moisture  content  that  are  obtained 
in  the  field,  and  if  the  soil  was  homogeneous  and  isotropic  the  values  of  «Mn 
from  the  Triaxial  Test  for  the  two  depths  would  he  identical. 

The  value  of  from  the  field  test  is  computed  from  results  derived 

from  ■‘'.he  fielc3  loading  test;  for  all  practical  purposes  the  plate  had  finished 
settling  when  the  results  that  were  used  were  recorded.  It  is  therefore 
reasonable  that  the  soil  can  be  assumed  t©  be  homogeneous  and  isotropic,  at 
tils  time,  as  far  as  distribution  of  stress  is  concerned. 

The  following  is  a  typical  example  showing  Jh©  manner  in  which  the 
laboratory  values  of  .Modulus  reformation  we^  averaged. 

Grande  Prairie 

Punway  -  K*-SE  #11 

Station  -17/20 

Of f se  t  -  0 

Datum  -  CL 

ElSft,  fr on  Trlaxlfll  T  eat 


latppal  ®pessufe 

0-6” 

v 0 

i 

M  ! 

u* 

3 

Averaged 

0  p.G.i. 

71 

97 

80.0  kg/cra2 
z  1138  p.s.i. 

15 

185 

161 

173.8  ke/cm2 

Z  2470  p.e.i. 

30 

240 

192 

216,6  kg/c ur 

2  3030  p.s.i. 
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For  lateral  oreesure  *  0  a.s.i. 

Unit  strain  at  z  =  3  5 

•  e/x  t3  ^ 

.  <s>/  /  JT  7s 

r/ 

at  z  =  12  = 

<Ci  t  /°  ~ 

■  oo  c  VC  /=> 

9  r 


Therefore  B13w 

(averaged) 


» 


7/  y-  o  *  6  v  c 
<*/ 7  ?  C 


Sc 


gor  lateral  .pressure  =  15  s.s.i. 

Unit  strain  at  z  ■  3  s 

at  8  S  12  S  ±±±J*  =  .  °o  3XC 

'  C  / 

Therefore  *M" 

(averaged)  =  /os'  -  ' 3  ^  ('8S--/Cj)-  '73  e  *3^ 

•  o  0&J3  ^  *- 


r*r...lft^ml.,.mgg.Mrs.  ■■JQ.-gagji. 


Unit  strain  at  z  =  3  s 
at  z  *  12  - 

Therefore  *M* 

(averaged )  - 


.  fl/?  ^  j  -oo3y-c> 

X  9o 

•  C2  C  >®  j  ■  OCJ  3X  C 
'9  2. 

-  **-3.2  ^ 

•  <?o  6  6  £ 


^/6  *9/ c*.*- 


To  convert  these  averaged  values  of  MMB  from  kg/cn 


2 


to  p.e.i.  multiply 


by  14.22 


The  term  average  as  used  above  does  not  mean  average  in  the  true  sense  of 
the  word  and  ia  only  used  for  lack  of  a  better  term. 

Now  a  plot  of  "M*  (averaged)  from  the  triaxial  tests  and  "Mq  q^*1  and 
bMq>3b  can  be  made  on  arithmetic  paper. 


■ 


' 


.  , 


■ 
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Trlaxlal  Data  fro-Ji  Soils  in  Zone  G 


Lat. 

Press. 

M  kg/cm^ 

C 

Aver- 
aged  M 

p.s.i. 

Moisture  Content 

Funway 

Station 

Offset 

0-6 

9-15 

0-6  9-15 

0-6 

9-15 

#U  M-SE 

17/20 

CL 

0 

71 

97 

1138 

25.9 

31.0 

15 

135 

161 

.85 

2470 

26.2 

31.3 

30 

240 

192 

3030 

24.6 

31.2 

#  11  H*-SE 

23/00 

33'  L 

0 

110 

163 

1320 

13.0 

15 

151 

«■» 

.55  1.30 

1950 

13.3 

16.3 

30 

126 

196 

2120 

14.4 

#11  Ntf-SE 

29/00 

33*  R 

0 

114 

98 

1510 

21.2 

16.3 

15 

161 

176 

.62 

2220 

24.5 

17.9 

30 

206 

204 

2910 

24.2 

17.6 

T.8.  #1 

2/70 

€0«T.-lS 

0 

76 

31.8 

677 

30.2 

32.6 

15 

125 

30.7 

.35 

1220 

31.0 

31.9 

30 

145 

75.3 

1770 

31.2 

32.0 

. 

. 

. 
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Trlaxlal  Data  from  Soils  In  Zorn  D 


Runway 

Station 

Offset 

Lett  • 
Press. 

ip  kg/ 

2 

cn 

C 

Aver¬ 
aged  M 

p.s.  i. 

Moisture  Content 

0-6 

9-15 

0-6 

9-15 

0-6 

9-15 

#26  EW 

13/  20 

CL 

0 

50 

61 

767 

33.3 

40.3 

CL 

15 

64 

105 

.23 

.15 

1090 

32.7 

40.3 

30 

111 

160 

1320 

33.7 

33.3 

#26 

21/20 

CL 

0 

68 

53 

900 

33.2 

37.3 

15 

124 

107 

.15 

.25 

1650 

32.6 

39.3 

30 

288 

306 

4200 

32.7 

39.1 

#35  NS 

23/14 

CL 

0 

113 

60 

853 

23 

22.1 

15 

75 

.5 

1060 

30.1 

30 

135 

1920 

#35 

19/07 

CL 

0 

104 

50 

1010 

19.3 

22.3 

15 

134 

85 

.35 

.5 

1520 

25.6 

25.7 

30 

150 

2370 

21.6 

3/27 

CL 

0 

67 

61.5 

916 

29.5 

33.0 

15 

100 

81.7 

.70 

1330 

28.1 

29.0 

30 

145 

106 

1770 

23.8 

44.7 

6/70 

CL 

0 

53 

755 

30.3 

15 

93 

.45 

1390 

32.0 

30 

135 

1920 

30.3 

11/08 

CL 

0 

14.3 

203 

34.2 

15 

53.0 

755 

34.3 

30 

35.0 

1210 

33.3 

15/08 

0 

55 

53 

768 

23.9 

23.3 

15 

90 

78 

.5 

.55 

1200 

22.2 

24.1 

30 

150 

156 

2160 

26.2 

22.3 

39 


Triaxial  Data  frota  Soil  in  Zone  A 


*i  v€?.T** 

Lat.  W  kg/cgf  G  g  Moisture  Content 


Runway  Station 

Offset 

Press. 

0—6 

9-15 

0—6 

9-15 

w'1  » 

P.s.i. 

0-6 

9-15 

BR-SE  13/00 

15*  W 

0 

120 

1710 

14.3 

15 

200 

2850 

14.2 

30 

22  S 

3240 

14.3 

20/00 

CL 

0 

15 

30 

29/bo 

CL 

0 

75 

1070 

10.5 

15 

110 

1570 

9.6 

30 

240 

3410 

9.1 

NE-SR  5/00 

Taxi  Strip 

4*  N 

0 

90 

1270 

1640 

19.7 

17.9 

15 

115 

30 

390 

5550 

16.9 

HE -ST  /  7/10 

CL 

0 

162 

90 

1710 

13.8 

12.1 

15 

246 

110 

.63 

.40 

2270 

14.5 

15.0 

30 

301 

232 

3300 

13.9 

12.3 

12/55 

CL 

0 

162 

125 

2050 

13.6 

15 

246 

200 

.64 

3180 

13.6 

30 

301 

350 

4550 

12.3 

22/05 

CL 

0 

99 

93 

1360 

7.9 

9.3 

15 

100 

205 

.3 

.65 

1320 

3.7 

9.6 

30/95 

CL 

0 

130 

1350 

9.3 

30 

290 

4120 

11.0 

Connecting 

Strip  ME  9/50 

CL 

0 

100 

119 

1520 

14,4 

17.6 

S*  &  EH 

15 

254 

145 

2720 

15.3 

16.6 

30 

202 

13.3 

40 


"riasrUX  Data  fro  a  Soils  in  gone  A 


2  Aver- 

Lat.  K  Xff/cta _ C  age  y  r  ^oisfnysContenl 


Fanway  .... 

Station  Offset  Fress. 

0-6 

9-15 

0-6 

9-15 

p.s.i. 

0-6 

9-15 

Con.  Strip 

9/45 

CL 

0 

100 

119 

1240 

14.4 

17.6 

HE-SW  &  Ef 
Funway 

15 

254 

145 

.95 

.50 

1720 

15.3 

16.6 

30 

202 

3300 

13.3 

N.5.  Apron 

3/bo 

CL 

0 

85 

90 

17.5 

17.5 

15 

122 

120 

1.0 

.25 

17,3 

10.9 

25 

277 

250 

17.1 

13.1 

WS-SB 

4/00 

CL 

0 

200 

150 

2490 

10.9 

10.2 

15 

278 

150 

.95 

2890 

11.2 

10.1 

30 

438 

111 

4980 

12.2 

10.7 

R.S,  Apron 

5/47 

112*  E 
of  W  Apron 

0 

135 

210 

2280 

13.0 

14.2 

14.6 

15 

220 

337 

.75 

.70 

3680 

13.3 

30 

280 

184  ? 

13.2 

13.7 

H.S.  Apron 

7/05 

37&1  E 
of  W  Apron 

0 

71 

1010 

17.8 

19.3 

15 

84 

.50 

1190 

30 

97 

1330 

14.0 

Con.  Strip 
ME-SW  &  EW 

3/95 

CL 

0 

195 

255 

3030 

11.3 

7.8 

Runway 

15 

220 

290 

.52 

.50 

3500 

11.0 

8.6 

30 

446 

121? 

4120 

12.3 

3.5 

Con.  Strip 
NK-Sf?  &  EH 

7/05 

CL 

0 

30 

1210 

13.5 

Runway 

15 

137 

125 

1.0 

1330 

15.3 

12.6 

30 

150 

254 

2630 

15.4 

13.6 

Con.  Strip  12/30 

40*  E 

0 

105 

180 

1320 

9.2 

7.7 

15 

125 

110 

.53 

.40 

2000 

9.0 

7.8 

30 

125 

300 

8.7 

8.7 

H.S.  Apron 

8/95 

115  1  E 

0 

75 

1070 

16.0 

15 

105 

1500 

16.5 

30 

250 

3560 

16.0 

- 


• 

ai 

IBaSBBBBRBBBI 


!•!■■  11111111111111111111  MBbEBIRBBBBBBBSRB!IMB£i  BE<PRKIKf£BBIE.i:BI)I2*]t1Ex  vH3'ii|l!lBB3BinBt*KB9kSBSft  BBKHCBII.'  ,  BSDBat 
IBBBB  BBBBBBBBBB BBBBBIBBGB  BBBBBBBBBB BBBBBBBBBB  BBB9B BBBBBBBBBB KB BAB  BBBBBBBBBBBftBBBttBBBE  BBBB«BSB«»  BBBBMI 
IBBBB  ■■■■■■liatllMIIIIIBI  BBBBBIIBIBBBBBBBBBBI  BBBBBBBRRB BBBBBBBBBB  IBB BBBBBBB BBBBBB* BBS  IMIIIVH  »  I  EBBBS: 
lIMt  (■■■■■■■i'MDMIlllBI  BBBBBBBBBB BBBBBBBBBB  ■■ll«H»INMaiMK«9  IIII1HCBOIIIHIIIN  ■■■BBBBI  h  .  BBBBBI 
IB^BB  IlfBRIBlB  '  1BBBBBBBV1  BBBBBBBBBB BBBBBBBBBB  ■NBaBBBBBRflBBBBBBBBB  BBBBBBBBBB  MSBBBKCiBBI  ilBaSiai  WBBBBBBI 
lauMIBBBMBIIl  !■■■■■■■*>  BBIBBBBBBBBBBBRBBIBI  BBBBBBBSBBBBBSCBBBBP  BBBBBSBBBBBBBBBBBBBB  BBBBaaBI  fc-  f.  IT  ICBC! 

ibbbb  bbbbbbbbbb  'bsbbbbbsb  ■bbbbbbbbibbbb<bbbbbb  vbbbbbbebe biikibsbbb  ■BBflBBBasBaaBBBBflBsa  a*ia*B«*fca*B*aBB] 

»MiiflBBiBiRBi»u«aar>ai  «aaaaaaaaaBBaaaBBBB3iBaaBaaaBB8BaBaBBBBaK  aHiBHiiiiPiBiKBiiBK  b&3bviiib9ib««i«i 
BiiiiaiiniBBaat  iimbiiii  ubbbbbbbbepbbbiibibbp  BBBBBBP«ur  bbbbbbbbbb  bbbbbbbbbb  a*iieBBaB%3  B*«BBBaai*»«SBBai 
iBaiBiBaa;uaaaaiaiaBaBiaaiifaaBiaaaaiEBi<iiflei)icBXiaaRHCiaifs?BBn«»aaaNiiiiiieaaiiBaavsD  na  aanaaai. bbbbbi 
ibbbb  ■BBBBBiBBBBBk  bbbbbbb  aaBBBBBaBa bbbbbbbbbb RBBKaaBiiBaaaBBBBiBi  a  bibbbbbbb  bbbbbb  bbisr  bb’^bbbbnrxrsubbbi 
iBaaa bbbbbbbbbb  bbb. *bb bibb  iibbbbbbbc bbbbbbb bbb  BBBnpBMSBBMBBBKBBBap  dbbdbbbbbpbbbbikbbb*  ik'iooi  »•-  hbbpri 
ibmbb  ■■•■•aaktifliBi.iiBsia  iRBiaaaaaiBiiBRBflaai  aiRaRRBRaaBBaBiBBaaa  auaBafiaaaaaaai laann  ■mnaa^  aaaaai 
ibmbb  iHBvBiaaaaaiaBi'RiBBi  •aaBBBiaaaiBBRaHBBai  ■■■■■naMvaiit ubbibib  bbbbbbsbepbbsbbubbbbi  aft_MBBMBPi»aaaai 
IBBBB  BBB8BBBBBBBBBBB  IBBBB  BBBBBBBBBB BBB BIBBfflBB  BBBBSQBBBBBBBBBBMBBB  BBBBBBBBBB BBBBBBB BBS  St  "  fU'BBflr**  BBBBBI 
IBBBB  BBBBBIBBBIBaRB«k  BBBM  BBBBBBBBBB BBBBBRBBP1  ■  BBBSttBBBBBBBftBIBCIBB  BBBBBBBBBB BEB BBBBBBB  ff CXIRVMHb  SSBBBI 
IBBBB  BBBBBBBBBB  BBBBBB.1BB1  PUB  BBBBBBB  BSBBBBBBfjB  BBC  BBBiaiB  BIBB  BBB  BBB  BBBBBB  B  8  iiB  BBS  BBBBBBB  BBfcBBBABf  S  VKBHBitfl 


:::::::::::::::: 

:mssss:ssss:sssi 


aBBBBBBBBBBBBBBBik  BB!I  BBBB’IBBBRB  BBBBBBB  BBB  BBB BBBBBBB BBT BBBBBBB  BBBBBUBBBBBtf aaBBUaBB  BIOIBI 
Baik  jaBiiBiiiaaBa^aa  rbbi  iflaaiBiaaaiiaaBB aav  «aBBBBBBat.aattaaa« aaiaiasaiBfiiacaiaaBi  bbbbbi 


1IBBBBBBBB  DBBBEBBflBBBBBBBBBflBa  BBBStfaH'f  SPtotSBBBI 
IbBBBBBBB  BBBBBMBBBBBI’BBBBBBBa  inaGlBIIBQIflBBBI 
IBBB^BBBBaBBBBBBBBBBBBBBBBBBB  BBBOSBBB.  ^BBBBBI 
IBBBmBBBB  BBBBBBVBBB BBBBBBBBBa  BBBSEEBKi*  'BBBBBI 


IBBBBBCB8B  BBBBBBI 
IBB  BBBBBBB  BBBBBBI 


IBSNBBBBBB  BeC'SBI 
IBBBBBBBUr  SBBBBI 


isssss  ::::s:hs:  ::::::::::::: 


IBBaiaBB aaBBBBBBw  4BBBBBI 


iBBiaaaaiatr  -aa  bbbbbbbi'bbbbbbbbbbmb  i 

IBBBBBBBBBBB>.yBB  BB B B BB 8 B  BBBBBB B RBBI  4 


IBBIBIB BBBBaiBBaaaBBBBBBBBB BaiBBBlff B  E«WBBBI 
IBBBBBB  BBBBBBB  BBB  BBRIBBI1BBBB  «BBBBBBIBB^  IBBBBI 
IBBBBBB  BBBBBBBBBBBBBBBBBBBa  BBBBBBiiBB  7  BBCBfll 
IBBBBBB  BBBBBBBBBB  VBBBBBBBIB9  DBBBBBBajnt  (BBBBBI 


iVKiliiil 


IBBIVBB  BBSBOBBBC'' 

iMaaiiaiBBaivaak 


BBBBBBBBBB BBBBBBBBBB BBBBBBI 
laBBBBBRMBBBBaBBBBII 111 BBB) 


•IK  BBBBBB BBBBBBBBBB  BBBBBB  BBBIBBBBBEBBBBE  BBBBBBHB*  »  9BBBCI 
.^BIBBIBSPlIBaaBRII'jB  iBBBBBBBBlIBBIIBiBBili  <BBBR* BBB  .  IBBB4I 
vmOkBHV  BBBBBBBBBEB  MUKBBEBBBB BBBBEEBBKP  flSBBB’JSJ  ? BBBBB9 
■k'BBB BIBB H  BBBBBBBBBB BBBBBBBBBBIBBBaBBBIB HUB BSSHBu  .  BBBBBI 
BB  'IB BBBBBB  BBBBBBBBBB  BBMBBfBBBBltf  BBBBnBBBBB  If  B0BSBBMBV  BBBBB? 


!s::ssss:s: 


IBBBBBBBBBBRBN  IBIiaBIBlhaBIBBBI 

- naa?BBBBB«a  b»b*bs 

)Bft:ar.BBSn&.7  IkUIQ I 

!  IT 7BBBBBTB  BIBO  BBI 

;*-:.»«»**;**.  «r*ia2Bi 


IQtf’VBBBaaasaflBBB  MiBBBBSBBBBBBBef  BBBBBB 
IBBBv'BBBBBBBMBBI  BBBBBBBBBB BBBMBBBDflU 
IBMBBlBBBBBHBBBft  BBBBBBBBBB  BBBBBBBBBB 
IBBBBI BBIMBBBBIB BBBBBBBBBB BBBBBBBBBB 

IBBBBB  1BB1RBBRRI  BBBBBBSIBBB  BUB  BBBBBBB 
BlIBNkBlIBBMBIIBIIIINBRKfllBBBBfBaaB 
IBB  BBS  Bx’BBBBBBBB  BBB®  BBBBBB  KBBBBBBBBB 


BBBBBBBBBB  IBBBB x 'BBB I  BBBBBBBlBBB BBBBBBBBBB  BBBKBBBBBBBBBCBI 
BBBBBBBBBB  BBBBBB  'I  BBB  IBBBBBBBB  19  BBBBBB  BIBB  BBHBBBBBBIB  BBBBBI 
BBBBBB BBBBBBB MB 9k  III  INBIBBIBBIIIlllBABBn  VBBBiaBBRBB PBBBBI 
IBBBIBBBBBBr  BBIBB.^BH  BBBBBBBBBB  BBBBBBBBBB  0 IBBBB  BBBBR  BBBBBI 
KMfBBMDCt  UBIIIMk  BP  BIIBIBKUBiBBaBnKMBlR  fJBBBBfiBaaBBBBBBI 

:::s:s:::;s::ss;ssr;srr:3r::r:: 

■■aBRBBBBIBBBBBIBBai  BBIBBBBaiMBr  BBBBBBB  If.  BBBBBNB  BBBBBI 


IBBBIIBBIUBI 

raflaBBBiBBiai 


is:::::::::::: =:::: 
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BBBMaBBBBBBBUBaB^BBB  3ELLfl*!f«  It  niB  «.  KM  71^:  3-te*  1C?  -  IR  V  *  BB  «l  . '  V  U  fc'J  d 
BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  IIBBIBIIKBU  «\  BBBBBIBII G3IBBS 
BitBB5taianBnaa8Mana*MB#ttnBa«Bi»BB.*tav.--  DBfiiiiiiKi'fryiiBHr 
BBBBBBBBBB  RBIIIIHRIIBI  lailCBSillRSRNrVIfU'IB'in  WR  J  t:*a  r  7  r . :  *  or  r.# -a 
RnRBRBaRRR«BBIIBKRiaRHB3IPB^NRP*RKR>HaRUR  2H  ***.-  BB  A  BM  ¥  X#U  V  I 
■  BBB3HBHBR  B9E3  EBBS  BOB  aBBBBBBeaB«B«BBBHB*»BBBCBtin»a*:si»»a3' 
RBRBSRBBRBRRUlQReBRa  MBa«JaW!R«»lf  WBUB»««aBB  BBBSlIt' -RBUi  '-1 ICMVBBIR 
ilBBBBSBBaBBBBBBSISBKtf  BBBB  BBBBBB  BBBBBB  BBlKiB  BBaSRBBH^  BUBOBI 
ilBRaNRflRVIRRBBRlBBIIR  maaa-JK  t  hCi  B»i»5  ir  KHJSH  B  tri-.  C  ”  tar  M  .ff  . 

KanBcuBa^BBBBBBWRiBBia  aa=Bm*acaaB»i>>a«Sitt>KJ«*  c r« ski»» a-n n r  . 

•  CBBBBBrviBBBOaBlBPBB  ■RBHIH»Ra»n«Br5BRC  DkllM^URMt  BBHNUfl 
BBBBBIlBBBBBBBIBlBBBBBBBlBBUBBBailBSiBBBBBPr  DBI»  RBnftft-SBBBBflBR 
BBBBBBBBBB  BBBBBI  IBBBBB  BBBBBIBBMBBPBBBBBHIBB  ftftBtiBBBHPrlBUCllJBil 
iaBBnBraKiBZnaBBBBBBBaiiiBifiBBBaL'aBiiiaBaBPk'nBa  ranan»<?v*~i- . i.mb? 

MBB"nBBa&«>3Baa«-*BSBt  BBB*  BBBBBB  BBBBBB  V  BBB  ?JIS«BliBBBBKBBaBBI 
IIRIBIIMKPIRBBRVBRI  HiafJimRMi’KIJ'-Ili'jm  rr*im«in«baMm 
>K»SmMb”«:B  ^BARIBIir  1PBimiBBMKk3BMIIBHI  H*  '.■BBRBMPBBBRI 
•aiBa^niiR'.’aarMiai.<iaiNiuRaiR««9Biii«m'<ii';  u-  -mmirnrie  .  nam  pi 
BBB  - -Man - nKBBBfllB4BBffn»aailBBR  a««BRq9BR&0tl4BMBBIIIBil  rR'jRMIRKBnSDdNI 

SbB%“S5bw  »BBBBBBBBBBBBBJIBBBa«ia2BBBBBBBB5B2*55522£!!*2G!!5Sr"'^  - 

SS5B«5iB?5ElhB*5iB5Ei 

.iCirr  lERIK  HHC8MBRSM 
BBHB^lBfREBBIiaBBBailiaa 
t-r.  A  -  nr.  "  MtIMICBMMBBB 
■  in  PinxioMJ^iin# 

... _ 

I  a  ■  b  ■  B  B II  BBBWBBBBIMI*  RRRRMH  *BI*B  »ril*NBIR.7^BB 
O  B  *  «  fl  a  ft  B  «  B  V  ci  «  V  f  1  *  *  n  Ik  R 


Hr::::;;:::::::::: 

BBBBk>BBBBIiBBBBBBBBIBIB  I 
■■aBBtaBBRIBBISBiaii 


BBBBBBI 
BIBRR  Bl 


IBBBB  UB  BBBBBB*. .  BBBB  B  B  B- '  BBB  BB  B  8BB  ■ 


IBB*.  IRR"IRRR' 
IBB7»BBB  «-BBB 


IIRBRBR1IR* 

lUBIIBRRBBRi 


1  w  in ■  i  iwtWBIBB®  B  BBftSBI 

_ _ _ _ _ i*paBe0tffla»-«ntf«»ra  wpubbbbbnbbbiibbi 

_  _  BBBBBBBBBB  BBBBBBBBBB  VBBBBBB9BRinBBBBB3IM9B  *-T.  BMBRIIII1H  <**&«■> 

iBIlfelRRRIURIPflBIIIIR  BBBBBBBtiBOIBBBBBBBBBB  BBBBBBBBBiBR'BX'BBtr'SBBES  7  O rf'SSfilill 

!!*f!!25!25722r55lSr!Bc5SpSnaBaBBB«EiBB'1«BB»IBBB«BaBrBliBVBaB>3BB  aBBiBMKiruaBBBBaB*: 

.BfcBBBBBBBBBBBBBSBBEBBBBBBBaiBBrt^BHBBllBaB.-S  aBrB»BB«BBBB»«fSr. 
BBBBBBBBBB  BBBBBBBBBB  BBBMlVBL'BRb  JEB5  Bf*a.  SIMIf  BBMVORi.T.M 

> rSbbbbSbubbbmbbubbbb  IBBUaiCailiBU U9P.<netlBBBG  SBHBK:«'KI«Btt  r.Bli .-K-i. 
■  raaaSaBB^MHanaBflBR  iBriimiMBc  nr  ««»a?iv«'jr 
BBRViiBia8MBiiBir*aBii«ii«BaiiaaRnaHiR.-9CB«iaa  araoMM. bob**?- 

rB»BBNWBBBBaaaBBBBH«BBBBBaaaBBRiBB<nw«BHiKK  w r* in B ivwqr- V 9 P W  L 
RIBIIURBBlBRBBIRQRKRRBRIIBBBBBBRIliaBIHBRIBirBBflllx-IRBRRI 

•SBSS5a«SS3SS5!SS:«!SSK5S:SRRgR5S!S5SSRK;JSRt 

1.  HITT  jmnn  .  H  ’  r  nr  n  :  s  •  .  ,  a  V  "  ••  * 


auBsuma^a 


BIIBBBBBBBBBBBBBBB 

I^BlBMBBRkRR'PBBit* 

BIRBBWBBBBr - 

s;::::::s;sssss:s»;  ssssssssss  iij 

iS|BBBBBBB  B«BBBBBBMMUUUM|Uyy 
■  BBBBBBBBBBBBeiBBI 
BBBBBBBBBB BBBBBBI 


■7  \/ 1 X  try  y /  WOfrd  fV,  JO  f307\/h 
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BBEB BBBBB 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■I 


■■■■■■■■■•a ■rbrbbbbbbbbbbbbbbbb 


BBBBBBB a BBBBB BBBBBBB  miiifliiMaiam 

■»M>WH  !■»■■■■■■■  ■■■■■■■■■■  ■■■■■■■■!■  ■bbbbbbbbbbbbbbbb 


■■■■■■■■■■■■■■■■•■■■  ■■■■■■■■■■!■■■■■■■■■  Ilf  StIDIIICUfSSBIBIMRj  BBBBBBBB 


IBBB ■■■■BBBBBBBBRBBBBBBB ■■■■■■■■■■■■■■■■■■■! ■■■ 
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laHiaii ■■■■ 


BBBBBBBBB 


■■■■■■■■■■ 1*  oBRBB BBBBBBBBBI 

bbsbbbbbbr  avNaiitBiiiBBiMi 

■■■■■■■■■■ ai* ■■■■■ ■■■■■■■ 


■■■■■■■■■■■■a bbbbi 


aaiiBBaaia  BiaiamaBaa  ■■iimaiimiaiBiaa  ■■■■■■■■—■  ■■■■■—■  a  iraaiiaaaiiaaiaBiiia  ■■■■■■■■■■  ■■■■■■a  ■■■  ■■■■■■■■■■  ■■■■■■■■!■  ir^iBiiiikim 
BBBBBBBBBB  !»■■■— ■■  #■■■■■■■■■■■■■■■■■■■  BBBBBBBBBBBBBBBBBBBB  ■»«■■■■■■■■■■■■«■■!■  BBBBBBBBBBBBBBBBBBBB  ■■■■■■■■■■■«■■■■■■■■  BA^BBBaBBBBBBfl 
BBBBBBBBBBBBBBBBBBBB  BBBBBBBBBB BBBBIBaaiB  BIIBBBIBII ■■■BIIBIBI  IBk'BIBBBBIBBBIBlIRlB  IBIBIBBBBBIBBiaBIBBI  BBBBBBBBBB BBBBBBBBBI  Bd-BBBBBJt  BUBS 
- - mm - - — BBBBBBBBBBBB  BflflBBBBBBB  BUB  BBBBBBB  ■BBBBBBBBB  BBBBB  BBBBB  BB*1SIBBB«BBB~~ 
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From  the  plots  of  nU"  from  the  Triaxial  Test  vs  from  the  field 
tests  (Figures  11-14)  it  can  easily  be  observed  that  the  best  results  are 

obtained  for  WMW  from  triaxial  test  (Lateral  pressure  s  15  p.e.l.)  vs  '’Mq.oj" 
from  the  field  test  (i.e.  "?!*»  for  deflection  of  o.05  inches). 

Therefore  the  only  plots  that  will  be  made  henceforth  will  be  nMM 
(lateral  pressure  -  15  p.s.i. )  from  triaxial  test  vs  ^®s^s» 

To  avoid  confusion  a  plot  of  the  curves  for  zone  K  and  C  will  be  repeated 
plotting  nMH  from  triaxial  test  (lateral  pressure  s  15  p.s.i.)  vs 
from  the  field  test. 
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hn  examination  of  these  cherts  (Figures  If *17)  shows  that  with  the 
exception  of  2  points  on  the  plot  for  zone  "A*  end  one  point  on  the  plot 
for  "one  «T>",  a  fair!?  food  straight  line  relationship  holds. 

The  results  from  the  subgrade  load  tests  on  the  soils  in  zone  X?  were 
all  very  nearly  the  same  and  therefore  the  points  or  the  plot  for  that  zone 
are  grouped  fairly  close  together.  Even  so  a  straight  line  relationship 
seems  to  exist. 

The  high  value  c.f  the  one  point  on  the  plot  for  ©oils  in  zone  »A*  can  he 
explained  by  4  he  fact  that  samples  in  the  laboratory  bad  V?  less  mptsture  at 
the  time  the  triaxial  tests  were  run  than  did  the  soil  as  tested  in  the  field. 
Other  variations  from  the  straight  line  relationship  could  probably  be 
accounted  for  by  one  or  sore  of  the  following  lines  of  reasoning: 

1.  Some  of  the  triaxial  samples  dried  out  somewhat  before  they  were  tested, 

2.  Some  of  the  samples  were  stored  in  a  wet  room  where  water  was  allowed 
to  drip  onto  them.  A  small  leak  in  the  seal  would  cause  soaking  up  of 
water  by  the  sample. 

3.  In  the  field  there  nay  have  been  a  soft  or  hard  stratum  below  the  section 
that  was  sampled.  A  soft  stratum  would  likely  have  more  effect  'ban  a 

hard  stratum. 

4.  Fate  of  loading  triaxial  samples  in  the  laboratory  seems  to  have  con¬ 
siderable  effect  on  values  for  modulus  of  deformation. 

Now  with  the  use  of  these  charts  and  the  classification  charts,  a  fairly 
reliable  value  for  the  strength  of  a  subgrade  material  can  be  determined. 
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3.  California  Dear  Inf  ^atlo  We  shod 

The  pro  vail  in,'’  method  of  design  of  airport  runways  by  the  United 
States  Kngineering  Department  is  the  California  Bearing  Patio  Method 
(C.3.r. ).  Therefore  an  effort  will  now  be  rsad©  to  correlate  the  G.i.fU 
data  with  Che  field  load  tests  and  the  classification  tests. 

The  C.B.K.  teat  in  the  laboratory  was  ran  first  on  the  sample  in 
the  undisturbed  state  and  then  on  the  same  sample  saturated. 

If  the  C.B.^.  method  of  design  is  good  then  there  should  be  some 
relation  between  the  C.B.^.  values  as  obtained  from  the  sample  in  the 
natural  state  and  4 he  values  of  as  derived  from  the  field  load  tests. 

A  plot  therefore  of  C.B.F.  (natural  sample)  vs  SgQ.Q#j(fr©®  Field  Testa) 
is  shown  in  Figure  13. 
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The  values  of  C.B,13.  for  Winnipeg  and  Grande  Prairie  were  rather 
low,  between  3  and  3,  They  are,  however,  for  the  most  part  fairly  well 
grouped  in  one  location  on  the  graph. 

Hi©  C.B.F.  values  for  Lethbridge  ranged  between  5  and  20  and  it  was 
found  that  a  linear  relationship  appeared  to  exist  as  shown  by  the  dashed 
line  on  the  graph. 

Tale  plot  indicates  that  the  C.B.P.  could  be  used  for  the  design  of 
airport  runways  if  a  better  method  could  not  be  found.  There  is,  however, 
quite  a  large  discrepancy  in  the  values  one  can  obtain  for  1^95  from  this 
plot  for  one  individual  value  of  C.B.D. 

From  this  work  it  appears  that  if  this  method  of  design  was  used  one 
should  aone  the  classification  charts  as  has  been  suggested  before,  and  have 
a  different  set  of  design  curves  for  each  zone.  The  plot  of  C.B.*?.  vs 

Q5  verifies  this  somewhat.  Lethbridge  would  be  in  one  aone  and  Winnipeg 
and  Grande  Prairie  in  another.  It  is  easily  seen  that  for  the  same  value 
of  C.B.*.  the  Lethbridge  subgrade  is  stronger  than  either  the  Winnipeg  or 
Grande  Prairie  subgrade. 

The  classification  charts  gave  a  linear  relationship  between  plasticity 
index  and  liquid  limit.  Dr.  Teraaghl  claims  that  the  coils  at  the-  lower  end 
of  this  line  are  coarser  grained  ‘.ban  t  ioso  nt  the  other  end.  ’horefore 
everything  else  being  equal,  the  coarser  grained  3oils  should  have  hi: her 
C.B.P.  values  than  the  finer  grained  soils. 

Then  if  one  plots  to  cone  scale  tie  values  oi  C.B.  . ,  obtained  from 
tests  run  an  the  soaked  sample,  perpendicular  to  the  best  straight  line  on  the 
classification  chart, (C.B.r.  for  on©  depth  one  location  opposite  the  point  on 
the  classification  chart  for  soil  same  location  and  depth),  some  relation 
should  exist.  This  plot  was  made  for  Grande  Prairie  and  Ft.  St*  John  as 
shown  in  ’’Figures  A  and  R”  in  the  envelop©  in  the  back.  As  the  classif  ication 
tests  were  run  on  soils  of  depths  0-6”,  6-12”  and  12-10”,  and  the  C.B.P. 
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Teste  only  run  on  soils  of  depths  0*6  and  9-15  inches,  the  C.B.K.  value 

for  0-6  inches  was  plotted  opposite  the  classification  test  for  0-6  Inches 

and  +  he  9-15  inch  C.B.P.  value  was  plotted  opposite  both  the  6-12  and  12-18  inch 

classification  test  point. 

A  study  of  these  charts  shows  that  no  such  relationship  appears  to 
exist.  The  C*B,B*  values  are  higher  as  a  rule  for  soils  at  the  lower  end  of 
the  line  on  the  classification  chart  but  the  wide  discrepancy  in  results 
renders  this  c  art  alrriost  useless  for  the  purpose  of  design*  “therefore,  no 
further  attempt  will  bo  made  ‘o  use  this  relationship, 

4.  Toughness 

A  measure  of  the  toughness  of  the  soil  is  given  as  Plasticity 
Index/Flow  Index  and  its  value  is  supposed  to  range  between  1  and 
usually  less  than  3, 

It  Is  reasonable  that  there  should  be  a  relation  between  the  toughness 
of  the  soil  and  the  load  bearing  capacity.  So  a  plot  of  Toughness  vs  PQ  ^ 

(Load  froa  the  Subgrade  Load  Teat  at  a  deflection  of  0,5  inches)  has  been 
plotted  in  figures  19A  and  19B  for  Grande  Prairie,  There  is  seen  to  be  a 
wide  diecropancy  In  the  results  and  no  relation  is  apparent.  The  incon¬ 
sistency  can  probably  be  partly  explained  by  the  large  variation  in  Flow  Index 
values  which  often  went  to  zero  or  were  negative.  This  plot  io  therefore 
of  no  use  for  this  project. 


-  * 
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5.  3oi§:  rrr„f^Efor:t 


’’’he  moisture  content  a  subgrade  material  probably  has  the  creates t 

effect  on  Its  bearin'*  capacity  than  any  other  single  factor. 

'Che  natural  moisture  content  of  a  subgrade  can  vary  considerably  and 
in  a  ve-y  short,  dirtanee.  'lie  variation  in  a  vertical  direction  can  also 

be  larre. 

hfith  ‘he  soil  type,  over  the  ran^e  of  moisture  content  in  which 

subgrade  materials  generally  exist,  the  soil  has  a  higher  bearing  capacity 

the  drier  it  becomes. 

If  all  other  variable?  other  than  moisture  content  are  eliminated, 
there  should  be  some  relation  (linear  or  otherwise)  between  natural  cuoisture 
content  and  Modulus  of  Deformation  as  derived  from  the  field  test.  4  plot 
of  this  shall  therefore  be  attempted  on  both  arithmetic  and  semi  logarithmic 

paper  for  soils  of  each  type. 

171th  the  large  variations  in  moisture  content  with  depth  the  question 
arises  ns  to  what  value  for  moisture  content  should  be  used  in  this  plot. 

From  a  study  of  the  stress  distribution  below  a  loaded  "late,  which  has  prev¬ 
iously  been  computed,  it  can  be  seen  that  *  be  stress  has  been  distributed  over 
a  large  enough  area  at  2  feet  below  the  plate  that  the  value  of  stress  immed¬ 
iately  below  the  plate  at  this  depth  is  relatively  small.  therefore  the 
moisture  contort  *n  the  top  2  feet  ef  nubgrade  material  only  will  be  considered. 

plots  of  maximum  moisture  content  in  top  2  feet,  average  moisture 
content  in  t op  2  feet,  and  average  moisture  content  in  top  1  foot  of  the 
subgrode  vs  modulus  of  deformation  for  a  deflection  of  0,0  inches  ’rout  tie 
field  test  shall  be  made  (  Figures  21-34). 
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*©  obtain  values  of  maximum  moisture  content  In  top  2  feat, 
average  aioleture  content  in  top  2  feat  and  average  moisture  content  in 
top  1  foot  of  subgrado,  plots  of  moisture  content  vs  depth  were  made  for 
each  undisturbed  location  and  tho  required  values  picked  off.  Seme 
typical  curves  of  these  are  shown  in  Figure  20. 
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Jointure  Contents  -  Oraiyfa  Prairie 
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Moisture  Contents  -  Saskatoon  lain 
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Moisture  Contents  -  Stevenson1 s  Field.  Winnipeg 
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Moisture  Contents  -  Lethbridge 
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The  plot  of  natural  water  content  vs  Log  fro©  subgrade 

lead  teat, seems  t#  give  the  beet  straight  line  relationship.  This  indicates 
that  the  strength  of  the  subgrade  increases  rapidly  with  decrease  in  water 
content,  emphasizing  he  importance  rood  control  os  the  water  content  ijs. 

good  drainage. 

A  relationship  between  hese  2  quantities  is  seen  to  definitely 
exist,  but  t  e  points  do  not  all  lie  on  a  straight  line.  Instead  they 

appear  to  lie  within  a  zone. 

The  graph  of  maximum  moisture  content  in  top  2  feet  vs.  appears 

to  give  "he  best  results,  that  is  the  points  fall  within  a  narrower  zone. 

This  Indicates  that  most  of  the  deflection  encountered  in  the  load  test  on 
the  subgrade  is  taken  up  by  the  section  within  the  top  2  feet  which  has  the 

highest  moisture  content. 

These  curves  again  show  the  importance  of  having  a  different  design 
chart,  formula  or  whatever  is  to  be  used  for  each  type  of  soil.  The  zoning 
of  the  classification  chart  as  suggested  earlier  is  probably  afgood  a  method 
of  dividing  soils  into  different  classes  as  any* 

Curves  of  this  sort  could  not  be  used  to  accurately  determine  the 
strength  of  a  subgrade  but  they  could  be  used  to  indicate  its  strength  and 
as  a  check  against  other  work.  herefore  it  appears  that  they  are  =?orth 
while  and  should  be  used  to  check  the  other  work  when  evaluating  a  subgrade. 

The  importance  of  good  drainage  of  the  runways  is  readily  shown  by 
these  plots.  If  the  moisture  content  of  the  aubgrade  can  be  maintained  *hrough- 
out  the  entire  year  at  a  low  value,  the  subgrade  strength  is  higher  and  con¬ 
sequently  the  base  course  thickness  required  is  less. 


. 
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Design  of  Airport  Runways  (5.e.  Baa®  Course  plus  Surface  "‘hickness ) 

Proa  the  preceding  work  it  appears  that  the  best  wav  to  evaluate  a 
subgrade  material  as  to  strength  is  as  follows: 

1.  Obtain  a  reasonable  number  of  samples  of  the  subgrade  material  t©  be 
used  and  run  classification  teats  on  them*  '’bus  the  mm  into  which 
this  autodial  '©longs  can  be  determined. 

2.  A  reasonable  number  of  undisturbed  samples  of  the  subgrad©  material 
should  be  obtained  and  triaxial  compression  tests  run  on  them.  Samples 
from  at  least  2  different  depths  from  each  location  should  be  taken. 
Average  values  of  itodulus  of  Deformation  for  a  lateral  pressure  of 

15  p.s.i.  should  be  computed.  Then  by  going  to  the  chart  for  soil 
from  the  prooer  aone  the  value  of  mMq  qC”  t  which  is  the  subgrade 
strength  as  figured  from  a  field  test,  can  be  picked  off. 

The  problem  no^  remains  to  determine  the  thickness  of  base  course  plus 
pavement  that  would  be  required  to  spread  &  predetermined  surface  load  enough 
so  the  subgrade  would  be  strong  enough  to  hold  up. 

A  plot  similar  to  the  design  curve®  based  on  the  California  Bearing 
Patio,  subs  itutlng  values  of  Mq#o5  for  tiie  va*ues  of  C.B.R.,  should  give  a 
set  of  design  curves  if  there  Is  a  relationship  between  subgrade  strength, 
surface  load  and  t  ’ieknees  of  pavement  plus  base  course.  It  appears 
oeae,v,lal  &hat  some  such  relationship  ehould  exist. 


. 


Ao  at  the  tiae  that  this  paper  was  written  only  a  limited 

j» 

number  of  triaxial  testa  :iad  been  run,  and  as  the  charts  of  $0.05  from 
field  test  ve  from  triaxial  rave  rather  ^©d  results,  the  values  of 
£4q#05  from  the  field  tests  will  be  used  lere.  At  every  location  a  load 
test  on  the  surface  of  the  pavement  was  run,  so  th©  values  for  wheel  load 
will  be  those  obtained  ^rora  surface  load  tests  for  {■  inch  deflection.5* 

The  value  of  "as"  will  be  ecuial  to  the  combined  depth  of  pavement  plus  base 
course. 

Curves  of  ve  depth  for  varying  wheel  loads  will  be  drawn  up 

(Figure  35). 


This  value  of  {”  deflection  as  being  *he  limiting  lead  is  as  was  suggested 
by  !)r.  N.w.  T*cL<?od  of  Imperial  Oil  Ltd. 
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BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBBBB  BBBBBBBB  BBBBBBBBB  BBBBBBBBBB  B  KBIBBBAIBBBIBIIBBBBB  HBBBBBBBBIBBBSBBBBIBBk  niBIQdQB  8k  BBL«BUEBB*>«  lEHDKBSBS^  IBBBBilBSBBR  9 
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"yore  1b  such  a  scattering  of  joints  and  lack  of  existence  of  any 
relationship  on  this  graph  that  there  must  be  sosmi thing  wrong  with  one  or 
more  sets  of  results  that  were  used  in  the  plot, 

""be  author  is  of  the  opinion  that  the  error  is  in  the  values  for  load 
bearing  capacity  of  the  -unway  as  derived  from  the  surface  load  test.  In 
the  running  of  this  test  in  the  field  it  was  assumed  that  the  temperature  of 
the  pave-nent  had  no  effect  on  +he  deflection  of  the  pavement, 

This  assuEotion  appears  to  the  author  to  be  highly  erroneous.  He 
observed  in  the  field  at  the  time  the  tests  were  run  that  on  a  hot  day  the 
plate  would  shear  through  the  pavement  while  on  a  cold  day  there  would  be 
little  or  no  indication  of  shear  failure,  but  a  general  settlement  of  the 
surroundin'-  area.  It  was  also  observed  that  surface  tests  r’in  near  «&ch 
other,  one  in  the  morning  and  the  other  in  the  afternoon,  gave  vastly  different 
bearing  capacities  for  the  pavement  in  some  cases. 

At  sone  locations,  tests  on  the  surface  of  the  base  produced  higher 
bearing  capacities  than  did  surface  tests  at  the  same  location  on  hot  days. 

As  the  temperature  varied  considerably  from  month  to  month,  frora  day 
to  day  and  even  from  nornlng  to  afternoon  of  the  sane  day,  it  appears  that  the 
bearing  capacities  as  derived  from  the  surface  load  tests  are  not  of  too  much 
value  at  thie  point.  They  will  therefore  be  disregarded. 

The  author  is  now  of  the  o  inlon  that  the  test  that  should  have  been 
run  at  each  location  was  the  test  called  "The  Base  Course  test"*  This 

test  was  rin  on  the  surface  of  tbs  base  course  in  the  centre  of  a  12  ft, 
diameter  aroj  from  which  the  pavement  had  ’'oen  carefully  stripped.  Variations 
in  tomperature  obviously  would  not  have  much  effect  on  the  bearing  capacity  of 
a  compacted  gravel  base.  Again  here  the  load  required  to  produce  £  inch 
deflection  of  the  plate  shall  be  considered  as  the  bearing  capacity  of  the 

runway  as  run  on  the  eurface  of  the  base. 
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From  the  meagre  data  from  Base  Course  Load  Tests  that  Is  available 
an  indication  at  least  as  to  the  value  of  ttKft  in  the  preceding  equation 
"CP  *KMq  *§  can  be  determined. 

^0.05  known  from  the  Subgrade  Load  Tests 

P  is  known  from  the  Base  Course  Load  Tests 

C  is  known  from  the  preceding  graph 

Thus  the  values  of  "K"  for  the  different  airports  can  be  computed 

and  tabulated  for  each  location  at  which  a  Base  Course  Load  Tea"  was  run. 


Sterenaon«s  Field.  Winnipeg,  or  soil  in  Zone  »P« 

**0.05 

K  

Location 

P 

Z.. 

“0.05  *  * 

#35  6/86  CL 

30,200 

9 

.710?  s  21400 

421D 

5.10 

#35  15/08  CL 

30,800 

9* 

•695P  =  21400 

3950 

5.42 

#35  23/04  CL 

34,000 

10 

.682P  =  23200 

4140  , 

5.58 

Average 

5.37 

Qrande  Prairie,  or  soil  in  Zone  "C" 


Location 

P 

I 

**0.05  x  K 

’b.05 

K 

#11  17/20  CL 

34,100 

7i 

.748P  s  25500 

5030 

5.02 

#11  20/50  33 'L 

48,300 

8 

.738P  s  35600 

7760 

4.58 

#11  29/00  33 'L 

50,000 

6k 

.768P  s  38400 

5440 

7.06 

#11  35/00  33 »P 

52,500 

7 

.753P  s  39800 

6260 

6.36 

T.S.4  5/50  25'B 

35,000 

8 

.738P  s  25800 

3960 

6.52 

T.S.2  5/10  20*P 

34,000 

11 

.652P  2  22300 

3840 

5.78 

T.S.2  1/60  250 *L 

88,000 

16 

.518P  =  45600 

766Q 

5.96 

T.S.1  3/70  180 'L 

88,100 

16% 

•502P  =  44200 

7620 

5.79 

Average 

5.38 

• 
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Lethbridge,  or  soil  from  Zone  A 


Location 

p 

Z 

M0.05  *  * 

K0.05 

K 

NW-SF, 

4/00  CL 

93,700 

5 

•792P  s  74200 

9540 

7.78 

KB-Sn 

12/50  CL 

67,000 

7 

•753P  =  50300 

9630 

5.26 

Apron 

12/50  40*  E 

73,000 

5 

•792P  •  61800 

7650 

3.07 

Average 

7.04 

Saskatoon  Main,  or  soil  from  Zone  B 

Location 

P 

Z 

w0.05  *  E 

^0.05 

X 

16L 

21/60 

47,500 

6 

.776P  s  36300 

3840 

9.60 

16L 

6/90 

32,300 

5i 

.785P  =  25300 

4140 

6.22 

16P 

10/00 

19,500 

6 

.776P  =  15100 

1920 

7.37 

29L 

10/00 

35,500 

a 

•763P  =  27300 

4140 

6.66 

29L 

3/bo 

34,300 

5 

.792P  =  27200 

2540 

7. 38 

EF.CS 

2/50 

40,200 

hi 

.768P  =  30300 

4240  _ 

7.30  „ 

Average 

7.53 

From  this  data  it  is  obvious  that  there  is  a  different  value  of  "E" 
for  each  type  of  soil,  so  design  charts  will  now  be  plotted  for  subgrade 
materials  lying  in  each  gone. 

As  there  are  only  3  values  of  "Kw  for  coil  in  zone  A  and  they  are  so 
widespread  and  in  the  range  of  those  for  soil  >  Zone  Bt  the  average  value 
of  "lC"  for  Zone  B  will  bo  assumed  to  be  the  average  value  for  both.  Zone  A 
and  B.  Thus  only  one  set  of  design  curves  will  be  plotted  for  Subgrades 
in  "Zone  \  and  B". 


i 


• 

. 

. 
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Another  set  will  be  plotted  for  subgrades  in  "Zone  C". 

A  final  set  will  be  plotted  for  subgrades  in  "Zone  D". 

These  design  curves  will  be  plotted  after  the  sase  style  as  the 

California  Bearing  Patio  curves  have  been  drawn  up  with  the  substitution  of 
"**0.05  for  tie  Subgrade"  for  Values  of  C.B.E.".  That  is  values  of  "%#q5h 
for  the  subgrade  will  be  plotted  arainit  thickness  of  base  required  for  each 
of  several  wheel  loads. 

The  following  design  curves  have  only  been  drawn  up  for  a  30  inch 
diameter  tire  contact  area  and  similar  curves  would  have  to  be  drawn  for 
different  tire  contact  areas. 

These  curves  are  only  tentative  design  curves  as  only  a  very  Halted 
amount  of  data  was  available  for  each  airport.  ""herefore  thsy  are  perhaps 
rather  theoretical  and  should  be  chacked  by  further  testing  and  changed 

if  the  change  is  found  necessary. 


Subgrades  from  Zone  A  and  B  Mq  0r  -  P  x  C 

7.53 


p 

M0.05  for 

a  • 

3 

6 

10 

15 

20 

25 

30 

35 

5,000 

550 

517 

403 

360 

279 

216 

163 

135 

10,000 

1090 

1030 

907 

718 

558 

433 

325 

269 

20,000 

2170 

2070 

1310 

1440 

1120 

865 

643 

538 

30,000 

3260 

3100 

2720 

2130 

1670 

1290 

975 

303 

40,000 

4340 

4130 

3630 

2940 

2230 

1730 

1300 

1070 

50,000 

5420 

5190 

4530 

3600 

27<X) 

2170 

1630 

1350 

60,000 

6520 

6?00 

5440 

4230 

3340 

2530 

1950 

1610 

70,000 

7600 

7230 

6350 

4970 

3900 

3040 

2280 

1330 

8o,000 

8700 

3250 

7260 

5630 

4470 

3440 

2600 

2150 

90,000 

9300 

9300 

8130 

6400 

5020 

3330 

2930 

2420 

100,000 

10,850 

10,300 

9070 

7180 

5530 

4320 

3250 

2690 

* « 

Subgrad e?  fro:;.  ?,c-ie  C 
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»b.o5  *  ZjlZ 


M  0.05  for  z  = 


3 

6 

10 

15 

20 

25 

30 

35 

2,000 

230 

265 

232 

134 

143 

111 

93 

68 

5,000 

695 

662 

532 

460 

353 

277 

209 

173 

10,000 

1390 

1320 

1160 

920 

715 

554 

417 

344 

20,000 

2780 

2650 

2320 

1340 

1430 

1110 

833 

690 

30,000 

4130 

3970 

3490 

2730 

2150 

1660 

1250 

1030 

40,000 

5570 

5300 

4650 

3730 

2360 

2220 

1660 

1330 

50,000 

7050 

6630 

5320 

4610 

3570 

2770 

2090 

1730 

60,000 

8350 

7940 

6930 

5460 

4280 

3320 

2500 

2060 

70,000 

9710 

9280 

3130 

6360 

5000 

3330 

2920 

2410 

30,000 

11,200 

10,600 

9300 

7230 

5720 

4430 

3340 

2750 

90,000 

12,500 

11,900 

10,400 

8200 

6430 

4980 

3760 

3100 

100,000 

13,900 

13,200 

11,600 

9200 

7150 

5540 

4160 

3440 

Subsrradea  from  Zone  D 

M0.05  *  ?■■*-£ 

5.37 

p 

**0.05  for  *  s 

2,000 

306 

279 

254 

201 

157 

121 

91 

75 

5,000 

760 

725 

636 

503 

391 

304 

223 

189 

10,000 

1520 

1450 

1270 

1010 

732 

607 

455 

376 

20,000 

3060 

2900 

2540 

2020 

1560 

1210 

910 

753 

30,000 

4570 

4350 

3730 

2930 

2350 

1320 

1360 

1120 

40,000 

6100 

5300 

5100 

4130 

3120 

2420 

1320 

1510 

50,000 

7610 

7250 

6360 

5040 

3910 

3040 

2230 

1890 

60,000 

9120 

3690 

7630 

5980 

4690 

3630 

2730 

2250 

70,000 

10,600 

10,200 

3900 

6950 

5470 

4250 

3190 

2640 

80,000 

12,200 

11,600 

10,200 

7950 

6250 

4340 

3650 

3010 

90,000 

13,700 

13,000 

11,400 

8960 

7040 

5440 

4110 

3390 

100,000 

15,200 

14,500 

12,700 

10,100 

7810 

6060 

4550 

3760 

• 
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The  accuracy  of  these  design  curves  can  be  checked  by  comparing  the 
thicknesses  obtained  from  the  curves  with  the  tl  leknesses  that  actually  exist 
in  r.he  field,  for  wheel  loads  as  obtained  from  the  Base  Course  I/>ad  Test, 


Subgrade 

from 

Zone 

P 

^0.05 

Actual  z 

Cosouted  a 

A 

93,700 

9540 

inches 

5 

inches 

7 

6,700 

9630 

7 

0  (5) 

7,300 

7650 

5 

7 

B 

47,500 

3840 

6 

11 

32,300 

4140 

5* 

0  (5) 

19,500 

1920 

6 

7 

35,500 

4140 

6$ 

o  (5) 

34,300 

2540 

5 

14 

40,200 

4240 

5i 

C 

34,100 

5080 

% 

4  (5) 

48,300 

7760 

8 

0  (5) 

50,000 

5440 

6* 

lit 

52,500 

6260 

7 

9 

35,000 

3960 

8 

10 

34,000 

3840 

11 

10$ 

88,000 

7760 

16 

16 

89,100 

7620 

16& 

16 

D 

30,700 

4210 

9 

8 

30,800 

3950 

9* 

9| 

34,000 

4140 

10 

10& 

63 


In  no  case  in  airport  runway  design  would  less  than  about  5  Inches  of 
material  be  placed  above  the  subgrade.  Thus  if  5  inches  is  inserted  for  the 

computed  values  of  z,  wherever  the  value  of  "z"  is  less  than  this  figure,  it 
is  seen  hat  these  e'utrta  as  a  whole  give  rather  good  checks  with  what  was 
actually  found  in  the  field.  ?  ;e  best  agreement  is  seen  in  the  subgrades 
from  Zones  C  and  D  which  indicates  that  probably  fhe  design  curves  for  these 
subgrades  are  fairly  accurate. 

There  is  a  wider  discrepancy  in  the  checks  for  the  eubgrades  from 
Zones  A  and  B,  but  even  so,  they  give  reasonably  accurate  results.  Possible 
sources  of  error  are  as  follows: 

1.  Value  of  bearing  capacity  of  runway  as  found  from  Base  Course  Load  Test. 

Very  likely  using  the  load  on  the  plate  required  to  produce  a  deflection 
of  i  inch  is  not  the  roost  accurate  method  of  finding  the  strength  of  a 
runway#  ’he  deflection  at  which  failure  occurs  may  vary  with  different 
types  of  subgrade  and  different,  types  of  base. 

2#  Values  of  modulus  of  deformation  from  subgrade  load  test#  The  error  here 
should  not  be  great.  However,  in  practice,  the  modulus  of  deformation 
would  be  obtained  from  the  Triaxial  Test.  Thus  if  representative  samples 
were  not  acquired  large  errors  could  come  in. 

3#  There  is  likely  some  error  in  the  assumptions  regarding  distribution  of  stress 
at  different  depths.  The  extent  of  this  error  is  not  known# 

This  work  of  course  has  only  been  done  for  fire  contact  areas  of  30  Inches 
in  diameter.  If  other  diameters  of  tire  contact  areas  were  be  be  designed  for, 

similar  design  curves  would  have  to  be  made. 

This  work  is  done  for  the  thickness  of  base  course.  It  has  been  assumed 
that  the  surface  material  is  as  strong  as  the  basej  therefore  the  design  curves 
give  base  plus  surface  thickness.  This  assumption  is  likely  in  order  as  a  well 
oonotruoted  surface  is,  except  possibly  on  very  hot  days,  aa  strong  or  stronger 


than  the  bane 


. 


. 

. 
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■’  COKipn**iso  n  vi~  -1  now  be  a*  tempted  between  the  5  different  formulae  or 

n 

methods  *ha!:  were  coiapa red  by  Dr.  McLeod  '  and  the  method  proposed  by  the  author 
in  order  to  show  tbe  variation  in  results  obtained. 

In  hie  comparison  Dr.  McLeod  makes  3  assumptions, 

1.  That  the  California  Bearing  fat io  for  any  subgrade  soil  is  approximately 
equal  to  t  e  actual  bearing  capacity  of  the  soil.  It  is  a  mere  coincidence 
!haJ  t-  is  relation  holds  but  it  apparently  does.3** 

2.  ’hat  the  value  of  rtian,  the  shearing  resistance  of  the  base  course  in  the 
howsel  formula,  is  35  p«s.i.  an  average  value  proposed  by  Professor  Housel. 

3.  That  t  e  Klinger  formula  \o\ds  for  compacted  granular  base  courses  as  well 
as  for  hot  mix  asphalt  pavements. 

In  hie  comparison  Dr,  cLeod  made  up  tables  for  the  different  thicknesses 
of  base  plus  surface  required  by  each  of  the  5  methods  of  design  for  varying 
values  of  C.B.".  o<*  the  subgrade  material.  One  of  the  tables  was  for  a  wheel 
load  of  60,000  pounds  and  a  radius  of  tire  contact  of  16  inches.  Hie  radius 
of  tire  contact  used  in  this  investigation  was  15  inches.  therefore  a  reasonable 
comparison  can  be  made  between  the  5  published  methods  of  design  and  the  method 
proposed  in  this  pa^er, 

Tho  value  of  C.B.H.  used  in  this  comparison  is  that  obtained  from  teste 
run  on  the  samples  in  their  natural  state.  An  average  value  of  the  results 
obtained  'Ycm  tho  tests  run  at  each  depth  at  each  location  was  used. 

For  the  method  proposed  by  the  author  values  of  "81  averaged"  from  the 
triaxlal  conpreosion  5est,  for  a  lateral  pressure  of  15  p.s.i, ,  were  used. 


w  Journals  of  Asphalt  technology  (March- June  1943  &  September-October  1943) 

by  N.  W.  McLeod. 


Kogen  ogler  -  Engineering  Properties  of  Soil.  Page  22" 


« 

. 
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_ WHEEL  LOAD  60,Q0Q# 

'"hlcknesr  of  Base  Plug  Surface  Required  in  Inches 

Subgrades  C&lif- 


from  Zone  Station 

Housel 

Klinger 

ornia 

Gray 

Goldbeck 

Author* s 

C 

17/20 

15.9 

14.4 

32 

44 

66 

16 

23/00 

13.9 

3.7 

17 

23 

37 

19 

29/00 

15.7 

13.3 

28 

39 

60 

13 

D 

23 /U 

16.3 

lS.l 

36 

57 

86 

24 

19/07 

15.7 

13.5 

28 

33 

61 

20 

3/27 

15.7 

13.1 

27 

33 

59 

22 

In  the  above 

table  the 

radius  of  tire  contact  area  for  the 

Housel, 

Klinger,  California 

,  Gray  and 

Goldbeck 

formulae 

is  16 

inches  while 

that  for 

the 

author* s  method 

is  15  inches.  If 

the  author* s  values  were  based  on  a 

16  inch  rcdlua  of  tiro  contact  area  the  values  of  base  course  thickness  would 
be  slightly  less. 

An  examination  of  this  table  indioatea  tliat  the  California  method  and  the 
Ora;'  and  Holdback  formulae  give  thicknesses  ef  base  course  that  are  teo  high 
while  the  Housel  a"d  Klinger  formulae  lead  to  under  design. 

If  the  values  of  base  course  thickness  obtained  by  the  Housel  and 
California  methods  nr©  averaged  t  It  is  observed  hat  the  value  obtained  is 
very  nearly  :he  same  ar  that  obtainad  by  usir~  the  author* s  method. 

It  is  tha  opinion  of  the  author  that  the  method  of  design  proposed  here 
Is  superior  to  the  methods  that  are  now  in  us©.  It  doeo  howeve-,  require  a 

i 

lit.xle  better  laboratory  and  a  trained  man  to  run  the  tests  and  interpret  the 


results 


* 
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In  conclusion  a  model  design  of  an  airport  runway  rill  be  attempted 
to  demonstrate  the  use  of  this  method  of  design. 

Suppose  at  sore  location  south  of  Fdrsonton  a  new  runway  was  to  be 
constructed.  "his  runway  is  to  be  1  mile  long,  200  feet  wide  and  runs  north 
and  south.  The  topography  is  such  that  the  north  1/3  mile  ic  to  be  cut, 
the  middle  1/3  mile  is  to  be  grade  and  the  south  1/3  mile  is  to  be  fill. 

For  this  problem  assume  the  cut  is  all  to  be  2  foot,  and  the  fill  is  all  to 

be  3  feet. 

Commonly  all  the  area  to  be  covered  by  the  runway  should  be  stripped 
of  all  loan  and  deleterious  materials. 

This  will  likely  amount  to  6  to  13  inches  here.  Assume  12  inches. 

Sampling  should  be  done  at  a  time  when  the  subgrade  material  is  about 
as  wet  as  it  would  be  in  the  worst  condition  when  under  the  runway.  This 
would  probably  be  early  Spring  in  this  area. 

For  a  runway  this  siso  it  would  be  advisable  to  sample  along  two  lines, 
say  along  a  line  parallel  to  the  centreline,  33  feet  west  of  it  find  one  33  feet 
east  of  it.  The  first  thing  to  do  would  be  to  establish  elevations  along 
these  lines  at  approximately  every  300  feet.  Thus,  knowing  the  grade  of 

the  ninway,  the  finished  elevation  of  the  surface  of  the  subgrade  at  each 

point  could  be  determined.  At  each  of  these  points  where  tho  elevations 
had  been  determined  a’lger  holes  would  be  bored  "o  about  3  to  10  feet  below  the 
proposed  subgrade  surface.  This  augering  should  be  done  under  the  direction 
of  a  competent  man  wo  could  roughly  classify  tho  soils  and  taue  moisture 
samples.  Moisture  samples  which  would  give  the  •’verage  moisture  content 
of  each  foot  of  depth  should  be  taken  and  moisture  content  determinations  run. 

A  aoist’iro  profile  and  soil  classification  profile  of  *hese  auger  holes  along 
each  line  i  the  runway  would  be  drawn  and  from  these  one  can  rourhly  determine 
where  he  should  take  samples. 
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4b0ijr©  '’or  this  example  that  the  soil  classification  and  moisture 

content  profile  is  nearly  constant  over  the  en  ire  runway  area.  In  such  a 
case  the  tft  lo  locations  could  be  rather  uniform. 

A  possible  outline  of  sampling  locations  alon-’  wi  h  a  moisture  content 
profile  for  one  of  the  lines  of  sampling  locations  is  shown  in  Figure  40.  It 
would  he  unnecessary  in  this  ease  to  sample  the  portion  on  which  the  fill  would 
be  >laced  as  the  fill  material  staid  determine  the  design*  However,  the 

locations  that  should  be  sampled  were  it  necessary  have  been  shown. 


A lOIsri/RE  CONTENT  PROF/LE 


. 


' 


- 
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At  each  saniDlinr  location  in  the  cut  and  grade  sections  of  the 
runway,  the  following  samples  should  be  taken. 

20  -winds  of  i e  subgrade  material  between  depths  of  0-6  inches  and 
also  9-15  inches  be  lor?  the  finished  s  lbgrade  surface  elevation. 

One  6  inch  diameter  by  6  inches  long  undisturbed  sample  from  each  of 
the  same  depths  as  the  above  20  peund  samples  were  taken. 

In  this  case  there  is  a  3  foot  fill,  so  the  •rests  would  have  to  be  run 
on  Ahe  borrow  pit  material.  If  there  were  only  6  to  12  inches  of  fill  one 
oe  of  tea's  would  be  run  on  the  borrow  pit  material  end  another  ret  would  be 
run  on  the  first  6  inches  of  soil  immediately  below  th6  stripping  and  design 
results  obtained  by  interpolation,  Assuming  here  the  borrow  pit  material  is 
constant  in  c'lameter,  about  300  nounds  of  the  representative  material  would  be 
sufficient, 

7S» 

Liquid  Limit,  Plastic  Li  nit  and  Plasticity  Index  tests  would  be  run  on 
the  soils  from  all  locations  and  thus  by  go<ng  Ao  the  zoned  classification  chart 
one  can  pick  which  zone  his  material  is  from. 

Assume  the  soil  from  ths  test  locations  in  the  cut  and  grade  districts 
is  from  Zone  C,  and  that  the  soil  from  the  borrow  pit  is  from  Zone  A. 

"rlaxial  tests  would  be  run  on  the  undisturbed  samples  taken  from  the 
cut  and  grade  sections.  Samples  of  the  borrow  pit  material  would  be  made  up 
(preferably  in  no  smaller  than  6  to  8  inch  diameter  molds)  to  the  same  moisture 
content  and  density  as  expected  in  the  fiold.  Triaxial  tests  would  now  be  run 
on  samples  taken  from  these.  \V>ut  5  or  6  tests  to  get  average  value  of  «M» 
would  be  sufficient. 

For  each  test  location  tha  values  of  Mod  ii.:s  of  Deformation  (M)  as  derived 
from  the  Trlaxial  Tests  for  the  different  tests  would  be  averaged  as  previously 


explained 
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Suppose  Use  averaged  ^riaxial  data  is  ay  follows  and  you  are 

')esi  fnlnp  **oj  a  wheel  loa<‘  of  50,000  pounds  for  30  inch  diameter  tire 
contact  area. 


Average  II  p.s.i. 


Station 

Offset 

from  biaxial 

. .  Test 

^0.05 

Thickness 

1/00 

33*  W 

2,430 

5,200 

12-^ 

5/00 

33*  E 

2,550 

5,403 

ll£« 

9/bo 

33'  W 

2,430 

5,200 

V&* 

13/00 

33*  E 

2,600 

5,500 

11" 

16/50 

33'  W 

2,600 

5,500 

11" 

13/50 

33'  B 

3,000 

6,100 

8" 

23/00 

33*  * 

3,05C 

6,200 

26/OG 

33'  E 

3,l6C 

6,400 

7" 

30/00 

33'  V? 

3, 10C 

6,300 

34/00 

33*  E 

3,000 

6,000 

Bi’ 

Borrow  Hit 

Material 

1,250 

4,600 

10" 

The  values  of  ¥q^  *r«  obtained  by  entering  the  charge  of  "M  from 
Triaxial  Teat"  vs  "Mo. 05  ^ror£  tv**  ^ield  T«ot",  for  soils  from  the  proper  zone, 
with  the  value  of  average  M  from  the  Triaxial  Test. 

The  values  of  thickness  are  obtained  by  entering  i he  "Design  Charts" 
for  soil.*-  from  the  proper  zone  with  values  of  Hq  as  derived  above. 

From  these  results  it  would  prebably  be  recommended  that  12  inches  of 
bare  pluf  surface  be  placed  on  the  cut  area,  8  inches  of  base  plus  surface 
ea  the  grade  araa  and  10  inches  of  base  plus  surface  on  he  fill  area* 


* 

, 

In  practice  the  results  nay  not  cone  out  as  close  as  these  and  then 
it  nay  he  necessary  to  vary  he  thickness  of  base  plug  yaveaent,  from  on® 
end  of  one  section  to  the  other. 

If  the  res ’il  s  for  design  thickness  varied  considerably  it  any  be 
nece ;  r>&ry  xo  carry  or.  -ore  carpi  in;  2nd  ter  ting  on  the  runway  to  safely 
establish  the  design  thicknesses. 

I  nust  be  reneabered  that  the  design  curves  for  thickness  submitted 
here  are  of  necessi  y  only  theore  leal  and  have  not  near  enough  checks  froas 
actual  test3  to  be  sure  that  the  curves  are  correct.  However,  these  curves 
are  a  close  appro* t 2a t ion  of  the  'roper  ones,  as  verified  by  the  checks  that 
have  been  obtained  but  should  not  lie  used  for  design  until  further  verified 
by  additional  information. 
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